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The hydrocarbon fluorene has been known for almost a
hundred years. In I878 (1,2) the structure was
established as that of diphenylenemethane I. Since
then a considerable amount of research has been devoted
\
to fluorene and its related compounds.
Preparations of fluorenes have been carried out in two general ways:-
(a) by syntheses from suitable starting materials.
(b) by direct substitution on a fluorene skeleton.
Synthetic methods are numerous and yield primarily substituted
fluorenones which are subsequently reduced.
The rearrangement of phenanthraquinones, an application of the
bensll-bensilic acid rearrangement, has often been employed. The
resulting diphenylene glyeollic acids II decompose in boiling water to
give fluorenones III.
II III
The dehydration of o-carboxydiphenyls has proved of value.
This method has the disadvantage that if the substituent in the second
ring is in the meta position, ring closure can give rise to two compounds.
Often high temperatures are involved and rearrangements have been reported
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Fluorenones may also be synthesised from o-halogen bensophenones. High
temperature is required to effect the elimination of the halogen acid and




In the last two mentioned syntheses also a meta substituent in the
second ring of the starting material gives two possible modes of ring-
closure.
Oxidation of fluoranthene IF by chromic acid gives fluorenone-1-
carboxylie acid (7). A number of fluorenones have been prepared from
fluoranthene derivatives by this method.
•>
%
Nuclear substitution on the fluorene skeleton gives mainly
2-substituted derivatives. Further substitution gives 2,7-oompounds
in all but a few cases.
Fluorene, having the structure of dibensocyclopentadiene
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not surprisingly contains a reactive methylene and derivatives in which one
or both of the hydrogen atoms of the 9-carbon atom are replaced by
substituents are well known.
Various 9-substituted derivatives have been prepared from
fluorenone by the normal reactions of the carbonvl group. It reacts
normally with hyclroxylamine and hydrazine derivatives. Fluorenone also
undergoes Reformatsky and Stobbe reactions. Reaction with G-rignard
reagents give substituted fluorenols V. In these the 9-hydro:xyl may
be replaced by bromine or chlorine by reaction with a suitable hydrogen
or phosphorus halide. Hyriociic acid reduces the hydroxyl giving
derivatives of the type (CgH. )g CHR.
potassium derivatives can be formed. Fluorene also reacts with ethyl-
magnesium bromide to give 9-fluoiylraagnesiumbromide which has all the
usual properties of a Grignard reagent. A valuable 9-lithium derivative
is formed by reaction with phenyllithium. Fluorene also condenses with a
number of carbonyl compounds, particularly aromatic aldehydes giving
compounds of the type (CgH^)2 C * CHR. Fluorene and derivatives
containing an active hydrogen on the 9-position undergo Michael condensation
with compounds possessing an activated double bond. This has proved
especially valuable in the synthesis of fluoranthenes. Esters oan be
condensed with fluorene In a Claisen type of condensation# For example,





Oxidation of fluoranthene with chromic acid gives fluorenone-
l-earboxylic acid. The preparation "by Goldschniedt (9) of 1-anino-
fluorenone from fluorenone-l-earboEoamide by a Hofnann reaction and
subsequent dia20tisation provided the basis for the preparation of
a number of 1-substituted fluorenones and fluorenes. Since then an
impressive list of 1-substituted derivatives has been prepared as a
result of oxidative degradation of fluoranthene derivatives.
The apparent scarcity of references in the literature
to derivatives containing two substituents ortho to the 9-oarbon
atom is of interest. The few 1,8 fluorene derivatives mentioned
are of doubtful structure.
Schmidt and Stutzel (10) claimed to have obtained 1,8-
dinitrofluorenone by nitration of 9-acetylaminofluorene. On
repeating this nitration, Langdecker (ll) found the main product
to be 2-nitrofluorenone. Huntress and Cliff (12) reinvestigated the
work of Sohmidt and Stutzel and shaved their conclusions to be unsound.
Repetition of the nitration under similar conditions gave 70^ yields
of 2-nitrofluorenone, while further nitration gave 2,7-dinitrofluorenone
and yield of a new dinitrofluorenone which was neither 2,4- nor 2,5-
dinitrofluorenone. It seems unlikely, in view of the relative inactivity
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of the 1-pocition, that this would be 1,8-dinitrofluorenone.
Huntress and Cliff (3) prepared 1,8-dichlorofluorenone ■by-
heating 3,3'-dichlorodiphenic anhydride. The action of heat or hot
concentrated sulphuric acid on 3*3'-dichlorodiphenic acid and 5,5'-
dichlorodiphenic acid (4,5) gave, depending on reaction conditions,
a number of compounds involving rearrangements. The designation of
structures and postulation of mechanism for the rearrangements
involved appear reasonable (6); but in view of the high temperatures
involved an independent synthesis of the 1,8-derivative would be of
value.
interaction of a-iodoanisole and phenyllithium, reacted the mixture
obtained with benzophenone. A small amount of compound isolated
after treatment with glacial acetic acid, was thought to be 1,5- or
1, 8-&inethoxy-9-9-dipIienylfluorene, presumably formed by dehydration
of an intermediate carbinol, VII.
with the ethyl ester of o-toluic acid obtain an oil, mainly di-o-tolylketone.
Treatment with sulphuric acid produced a small amount of a compound, ^22^20*
considered to be 1,8-dimethyl-9-(o-methylphenyl)fluorene or the dihydro-
onthraoene derivative VIII, presumably formed by dehydration of some
tri-o-tolyl-corbinol formed in the mixture.
Wittig and Furman (13) during a study of the complicated
Vim




The hydrocarbon fluoranthene was first isolated as early
as 1877 (15) • Since then it lias become commercially
available from coal tar and fluoranthene derivatives
are of importance industrially.
The correct struoture was not assigned to the
fluoranthene molecule till 1929» when Braun and Anton
(16), from the evidence available, suggested a 1,2-
bensaoenaphthene struoture IX, which they proceeded to establish
synthetically.
Indirect syntheses of fluoranthene and its derivatives have
followed three general routes
(a) from a fluorene nucleus, involving synthesis of ring A.
(b) from a naphthalene nucleus, with addition of ring C.
(e) frotn an aoenaphthene skeleton, with synthesis of ring C.
In the original synthesis of Braun and Anton (loc.cit.) ethyl 9-
fluorenecarbosylate was oondensed with ethyl /?-chloropropionate. The
product X was hydrolysed and decarbojylated to j$ *(9-fluorenyl)propionic






This synthesis underwent no modification till Campbell and
Fairfull (17) prepared [3 -(9-fluorenyl)propionic acid by a route involving
condensation of fluorenol and acrylonitrile. The resulting -(9-hydrojy-
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9-fluorenyl)propionitrile was hydrolysed, dehydrated and reduced.
Tills method was later extended and improved (18). Methyl
9-fluorenecarboxylate XI provides a more reactive hydrogen on the
9-position than fluorenol. Substituted acrylonitriles or acrylic
esters gave 2-or 3-substituted fluoranthenes.
Bergmann and Orchin (19) employed an initial condensation between
fluorene and maleic anhydride. Cyclisation of the adduct XII gave the
keto-acid XIII. Reduction, dehydrogenation and decarboxylation gave
fluoranthene.
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The Stobbe condensation of fluorenone and ethyl succinate has
also been utilised (20) in the preparation of 9-fluorenylsuccinic acid.
Campbell and Wang condensed 9-hydroxy-9-methylfluorene with
maleic anhydride (21) producing fluoranthene-3»A-diearbo2ylie aoid,
presumably by Diels-Alder addition to the intermediate 9-methylenefluorene
XIV. Decarboxylation yielded fiuoranthene.
Co^ 0
A number of syntheses commencing from a naphthalene nucleus have
been recorded.
Cook and Lawrence (22) reacted of-naphthylmagnesium bromide with
2-methylcyclohexanone. Dehydration of the resulting alcohol gave XV.
Cyolisation and dehydrogenation gave fiuoranthene in poor yield.
CHQ5 0
+■ w>
Orchin and Reggel (23) obtained better yields by reacting
c(-naphthylmagnesium bromide with cyclohexanone. Dehydration gave
l-(2', 3'»4'>5,,-tetrahydrophenyl)naphthalene which was cyclo-dehydrogenated
to fiuoranthene.
Forrest and Tucker (24) prepared fiuoranthene by condensing
ft -iodonnphtlialcne with (Mnrononitrobensene in an Ullacm reaction.
The resulting 1- (2-nitrop!ie.^7l)naphtbelenc Wt was reducer' to on
.mine, diasotisecl end cyeliocd with copper bronse.
©»y <a,vvBtf u
■z y£uof&*Zfi8/*SL
Jluormthcnes have been synthesised from the acenephthcne skeleton.
Ccnpbcll sad dee (25) condensed trans 9, lO-dinotl^rlacene^hthcno




Aeenaphthalene itself reacts with dienes in a Dids-Aider reaction










Substitution reactions of flucraathene usually give nirfcures from
which isolation of -"-nre products Is often difficult.
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Monosubstitution in positions other than 4 and 11 have not been
reported. Normally the main product is the 4-isomer with a small amount
of 11-isoner sometimes formed. In Friedel-Crafts reactions, however,
the 11-position is mainly attacked with a lesser amount of 4-isoner formed.
Dibroaination gives a 4,11-dibrcmofluornnthene, while sulphonation
and Friedel-Crafts reactions give 4,12-disubstituted derivatives. Campbell
and Keir (27) found 4-carbosy-, 4-metho^ycarbonyl-, 4-cyano-, and 4-nitro-
fluoranthene all brominate in the 12-position. On the basis of the
available evidence they suggested fluoranthene may be considered as
consisting of two diphenyl nuclei AC and BC, in which rings A and B have equal
power of directing substituents to the para positions 11 and 12 respectively.
An ortho-para directing group on ring A would increase
its directing power giving a 4,11-isomer, while a
meta directing substituent -would decrease the directing
power of the ring giving a 4,12-isomer.
Nitration of 4-acetylaminofluoranthene (28), however, has been
shown to give 4-acetylamino-3-nitrofluoranthene. KLoetsel, King and
Menkes suggested the aeetylamino group so intensely activates the ring
to which it is attached that the second substituent enters the same ring.
Little work has been done on higher substitution. A tribromo-
derivative has been shown to be the 4»ll,12-isomer (29). During this work
4,11-dibronofluoranthene was shown to acetylate in the 12-position.
IP-SUBSTITUTED 7LUOPANTI3SNES.
The synthesis of 10-substituted fluoranthenes is difficult.
A number have been reported, mainly derivatives disubstituted in positions
10 and 13, prepared by diene addition reactions involving aoenaphthene
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skeletons. Only a fet? compounds have "been reported in which fluoranthene
carries a single suhstituent in the 10-position.
Tucker and Tdialley (30) synthesised 10-methylfluoranthene by
condensing 1-iodonaphthalene with 2-bromo~3-nitrotoluene in an Ullmann
reaction. The resulting 1-(2-nitr0-6-methylphenyl)naphthalene was
reduced to an amine, diasotised and cyelized with copper bronze.
Kloetsel and Mertel (31) prepared the 10-methyl derivative in
a number of ways. 'Jetalation and carbonation of 1-methylfluorene gave
l-methyl-9-fluorenecarbosylic acid. The methyl ester XVIII was condensed
with acrylonitrile. Hydrolysis and decarboxylation gave 3-(l-methyl-9-
fluorenyl)propionie aoid XIX which was cyclised, reduced and dehydrogenated.
Aoenaphthalene underwent a Diels-Alder addition with 1,3-pentadiene
and the adduct was dehydrogenated to 10-methylfluoranthene. The condensation
of ethyl sorbate with acenaphthylene followed by dehydrogenation gave ethyl
13-metlTyl-7-fluoranthenecarboxylate which was hydrolysed and decarboxylated.
The melting point reported by Tuoker and TShalley differed from
that of Kloetsel and Mertel. Repetition of their original synthesis (32)
and preparation of the derivative by an analogous series using 3-brono-2-
nitrotoluene gave a purer product with the melting point reported by
KLoetzel and Mertel.
A 10-phenylfluoranthene derivative (26) has been prepared by
diene addition of acenaphthylene and 1-phenylbutadiene.
Synthesis of 10-methoxyfluoranthene has been effected. The
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attempted condensation of 2-bromo-3-nitroanisole with 1-iodonaphthalene (33)
gave a yield of l-(2-nethoxy-6-nitrophenyl) naphthalene too poor to be of
value. 3-Brorno-2-nitroanisole condensed successfully (34) and the
resulting l-(3-raethoxy-2-nitrophenyl ) naphthalene was reduced to the
corresponding amine which, however, failed to undergo cyclisation. The
derivative was finally prepared by condensing l-bromo-8-nitronaphthalene with
o-iodoanisole, followed by reduction and cyclisation.
Attempts to prepare lO-oarbomethosyfluorsnthene by analogous
routes (33) failed. The attempted condensation of methyl 2-brono-3-nitro-
benzoate with 1-iodonaphthalene gave mainly 2,2Idinitro-S,6'-diphenate with
only a few crystals of the desired l-(2-carbometho2y-6-nitrophenyl) naphth¬
alene, while methyl 2-chloro-3-nitrobenzoate foiled to react completely.
This method of condensing a naphthalene nucleus with a benzene
nucleus although valuable is limited by requiring synthesis of individual
starting materials and obviously involves stages which may be capricious
or liable to side reaotions.
The synthesis of fluoranthenes by the diene addition type of
reaction is also limited by preparation of starting materials.
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SCIIIilPT REACTION
The reaction "between equimolar quantities of hydrasoic acid and
carbonyl compounds in the presence of strong acid is known as the Schmidt
reaction. This interesting reaction provides the initial stage in a
series of syntheses in this thesis. A brief description would, therefore,
seem desirable.
Carboxylic acids form amines acoording to the following scheme:-
RCOgH + > mm2 + cop + n2
Aldehydes yield nitriles and formyl derivatives of amines, while
ketones yield amides.
RCHO + HNj > HCH and HBHSHO
RCOR + EN^ > HJfflJHR + N2
As yet, the mechanism has not been rigorously established.
Schmidt suggested hydrazoic acid firs^ cleaves to nitrogen and the imide
radical (NH), which adds to the carbonyl followed try direct- rearrangement
or by a Beoknann rearrangement of an intermediate oxine to the amide.
f^C-0 + (NH) ? f?c0NHR
«-<-« 1
NOH J
Since then, a number of mechanisms have been proposed for the
ketonie Sohmidt reaction. The one most favoured in recent years, has been
that proposed by Smith (35*36). The initial step previously suggested (37)
for an essentially different mechanism consists of formation of a carbonium
ion from the carbonyl group and the acid catalyst. The carbonium ion and
hydrogen aside form a transitory intermediate XX which loses water with the
-IZu-
preferential formation of one geometric isomer of an iminodiazoniua ion XXI
which, analogous to the Becknann rearrangement, undergoes trans rearrangement
with loss of nitrogen as shown.
HR,
RR'COH > OH R'
r H+ I , H«0 + R-C-R * CR-C-R > II 4- II +
+






•+ H3O " R-I1E
4.
The isomer of XXI having the larger group "anti" to the Ng group would he
formed preferentially and rearrangement would lead to the observed migration
of the larger group.
Since this meohanism was proposed, a number of exceptions to the
predicted migration of the larger group has been noted (38) and the migratory
aptitudes of groups do not appear to adhere to simple rules. Atoms, Coomb
and Evans also suggest that Smith's mechanism, involving dehydration and
rehydration of reaction intermediates, is improbable. They suggest that
hydrogen bonding between the nitrogen and oxygen atom in the intermediate XX
^ ft 1 gives rise to a K memhered ring. The ring nitrogen
\ 0.
q/ '-ft is considered to have a pyramidal configuration whence
/ \
(r')R n' two geometrioal isomers are possible. ?.!igration of
N+
m the grout! trans to the N9 group on the separation of
N *
the latter would give rise to the final structure.
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4)9-and -UNSATURATED CAR30XYLIC ACIDS.
A substantial part of this thesis is concerned with investigating
the structures of some unsaturated acids of possible value in the synthesis
of polycyclic aromatic hydrocarbons, with particular interest in the position
of the double bond relative to the carbosyl group. A brief description of
some of the reactions and methods concerned seems desirable.
Acids which contain a double bond in the <*/*-position differ in
many respects from the isomeric acids in which this bond is further removed
from the carbosylic group. The introduction of ethyienic unsaturation
to the earboxyl group causes a moderate increase in the strength of a
oarbosylic acid. This effect is reduced by intercalation of single bonds
between the unsaturated centre and the earbosyl. Decarboxylation of of/3-
unsaturated acids is apparently more difficult than with the /Jif-isomers (39)•
The proximity of the ©arboxyl group also affects the properties
of the ethyienic linkage. Electron attracting substituents in ethylene
decrease the electron density at the double-bonded carbon and so decrease
the velocity of eleotrophilic additions. Thus, bromine addition toOf/3-
unsaturated acids occurs 10-100 times more slowly than does similar addition
to -unsaturated acids.
Orientation of eleetrophilic addition is also affected. Thus,
the addition of hydrogen halide, which is initiated by the attack of the
proton at the centre of higher electron density does not normally obey
Markownikoff * s rule in the oase of -unsaturated acids.
II I I





Alkali often effects isonerisation of - and JB -unsaturated
earbcosylic ions.
» i ». » » » „.
-C-C = C-CO" * -C = C-C-COp
I * n1 ■ ■ • " ^
The point of equilibrium is normally nearer the left hand side
hut varies depending upon the suhstituents on the carbon chain (4.0).
2f-Allsyl suhstituents tend to shift the equilibrium to the right while
y-Aryl substituents give almost exclusively the f$y-isomer in equilibrium
(41).
^^-Unsaturated acids may often be easily converted to the isomeric
-lactone by conversion to the hydrobromide followed by treatment with mild
alkali. Aqueous mineral acid may often effect this isomerisation directly.
The isomerisation, by aqueous acid was considered irreversible (42). However,
cases of equilibrium between ygfl'-unsaturated acid and y-lactone have been
reported (4-3) and -this thesis instances isomerisation of a y-laotane to
the aoid while the reverse oould not be effected.
Differentiation between °f/3- and ^^-unsaturated aoids is often
more satisfactorily accomplished by physical methods. The problem of
distinguishing between an -unsaturated acid and the ^gy-isomer is
normally one of distinguishing between a conjugated and an unconjugated
system.
-CH2 .CHjCH'COOH -CH:CH'CH2 -C00H
For this purpose ultraviolet spectra are most generally used, based
on the fact that the absorption of ehromophores separated by one or more
methylene groups is essentially additive whereas conjugated ohromophores
exhibit a different, typioal absorption. Isolated ethylenio linkages and
oarhonyl groups absorb selectively with high intensity about 185 njA
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( £ ca. 10,000), the carbonyl also absorbing with low intensity at
275 rau ( £ea. 15) • Conjugation of the two groups results in a
bathchromic effect and increased intensity, nesityl oxide, for instance,
(CB^gCsCH.CO.CHj, absorbing at 225 ry* ( £ca. 13,000) and 324 yu
( £ ca. 43)« The earboxyl group is a weaker ohromophore than the
carbonyl group, acetic acid exhibiting a band at 225 ( £ 44*5) •
Conjugation of the oarbonyl group with an ethylenic group on the other
hand results in a high intensity band at 204-220 vyn ( £ ca. 10,000 -
20,000). The unsaturated acids studied in this thesis contained chromo-
phores other than carbon;/! and ethylenic groups, and the problem beoame
one of distinguishing between two possible conjugated systems eaoh with
its typical absorption. Generally this was easily accomplished by
comparison with reference compounds containing similar conjugated systems;
for example, ft -fluorenylidenepropionio acid was characterised by comparison
with fluorenylidene and fluorenyl reference compounds (cf. p.30).
Differentiation of isomeric unsaturated acids by infra-red
spectroscopy is less successful. The conjugation of an ethylenic double
bond with a carboxyl group results in a lowering of the frequency of
absorption associated with the oarbonyl stretching vibration. Saturated
monobasic acids generally show oarbonyl absorption between 1725 cm.""''' and
17Q5 and similar values are found for unsaturated carboxylic acids
other than °1P -unsaturated acids. In °f|3 -unsaturated aoids the carbonyl
absorption falls between 1715 ora.~* and 1690 cm.""^.
A reagent which has been suggested as useful for differentiating
between^ - and Jjy-unsaturated acids is di-p-dinethylaminophenyloarbodii-
miae mi (44,45).
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Aroraatic carbodiimidcs in general react with carbon/lie acids
to form acylureas (46). Zetscbe and co-workers formed a large number
of acylureas from di-p-diraethylaminophenylcarbocliimide. It was found the
adducts from 0(/3-unsaturated earhosylic acids were generally coloured
while those from /^^unsaturated acids and other acids unsubstituted in
the 0(-position were generally colourless. These derivatives are
highly crystalline and easily formed under mild conditions.
DISCUSSION.
The work carried out in this thesis is in two main sections.
Section I.
Development of a synthetic route to 10-substituted fluoranthenes
and 1,8-substituted fluorenones.
Section H.
Structural investigation of some unsaturated acids of possible
value in the synthesis of polycyclic aromatic hydrooarbons.
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Seotion I.
The synthesis of substituted fluoranthenes is often difficult and
this applies particularly to the preparation of 10-substituted fluoranthenes.
So far, ohly 10-methyl, 10-phenyl and 10-methoay derivatives have been
reported (31,32,26,34). In this section the successful synthesis of
10-bromo and 10-ohlorofluoranthenes is described.
The route was suggested by the observation (47) that during the
reaction of C( -hyclrindone and O^-tetralone with hydrazoic acid in the
ketonie Schmidt reaction, migration of the aryl group is predominant.
4-Keto-l ,2,3,4-tetrahydrofluoranthene XXIH was prepared in good
yield by the method of Craig (43). Analogous to C^-tetralone (35) 4-keto-
1,2,3,4-tetrahydrofluoranthene reacted with sodium aside in trichloroacetic
acid to give the lactam XXIV which was isolated as its trichloroacetic acid
salt. The salt was converted to the lactam by treatment with sodium
carbonate solution. hydrolysis in concentrated hydrochloric acid gave
3-(l-amino-9~fluorenyl)propionic acid XXV.
7 \\ // \\ //J\
dV —* nil —* ni
^71 ^iliCO iJHg
0 XXIIIXXTV XXV
The attempted acetylation of the amino-acid XXV gave the lactam
XXIV as did heating the amino-acid above its melting point. The ethyl
ester of XXV was prepared and the amino group benzoylated.
3-(l-Amino-9-fluorenyl)propionio acid reacted with phenyl-
isothiooyanate to give a phenylthiourea derivative. The attempted
-21-
eyellsatiom of this compound % stannic ehlorddc gave a colourless amorphous
solid melting over a wide range. Purification coulcl not be effected#
Cyclisaticn in polyphoophorie acid ms unsuccessful. The yellow solid
produced gave only slight reaction to ainiirophenyllydresine, melted over
a wide range, and could not be crystallised#
5»(lWtedno»5^ttof«|yl)propionio acid was diasotiscd and reacted
in cuprous brocdft^^drobrocjic acid solution (Sandaeyer reaction) giving
3-(l-hrenc-9-£lnorenyl)propicnic acid XXVI. (Jyclisatlon in polyphosphoric
acid gave the ketone XXV11 which by Clcrnenoen redaction yielded 13-bromo-
1,2,3,iWtetxu!ydrofluoranthene. Pebydregenatlon by chlorenil gave 10-
bronofluorant'ienc XXVIH.
MLaaotisation of the anino-acid XXV and reaction in cuprous chlorlde/hydro-
chloric acid solution gave 3-(l-chlorc-9-fluorenyl)proplonie acid#
Gyclisaticn in polyphosphoric acid, Glemneanaen reduction and dehydrogenaticn
by chloranil gave 10-cMorofluoranthene.
Attempts to prepare the 10-iodo derivative were unsuccessful.
The diasotiseel anino-acid on reaction in potassium iodide solution gave
an unciystnlllsable tar. Possibly different reaction conditions would
be successful#
The diasoticed anino-acid reacted in aqueous acid to give
-23-
3-(l-3ydroxy-9-fluorenyl)propionic acid, Cyoliaation in polyphosphorie
acid gave ketonic material which could not he purified. Conversion to
the methoxy derivative before oyclisation was considered. In view of
the poor yield of 3-(l-hydrosy-9-fluorenyl)propionic acid obtained, work
along this route was discontinued.
Pew 1,8-substituted derivatives of fluorenone and fluorene have
been reported and their synthesis is difficult. The only 1,8-derivative
whose assigned structure is probably correct is the 1,8-dichlorofluorenone
of Huntress (3)•
A number of 1-substituted fluorenones and fluorenes have been
prep- '•ed as a result of oxidative degradation of fluoranthene derivatives
(p. 4). analogy a number of 1,8-substituted derivatives are theoretic¬
ally accessible by oxidation of the 13-substituted-4-keto-l,2,3,4-tetra-
hydrofluoranthenes prepared in the foregoing series. In particular, it
was hoped to synthesis© independently 1,8-dichlorofluorenone by the
following series.
13-Chloro-4-keto-l,2,3,4-tetrahydrofluoranthene on oxidation by
dichromate gave 1-carboxy-8-chlorofluorenone XXII - Crystallisation from
aoetic acid showed two different crystalline forms. No difference in
melting-point or misted melting-point was detected, and crystallisation
from benzene showed only one ciystalline form. An attempt to oonvert
the earboxyl group to an amino gave a small amount of material with a
slight positive reaction to a diasotisation test (49)• Purification
~24»
could not be effected. The sueoesc of the taction requires preparation
of larger anoontc of XXIX.
Incidental to this worife, the nitration of ^kcio-1,2,3,h-tetm-
fcydrofluoranthene was studied with. a view to the preparation of other nore
highly substituted derivatives. lyketo-1,2,3»h-tetroit,alrofluorantiienc,
unlike 1,2*3,h-tetrrli-rdrofluorant!jmc (30) which nitrates in the alicyelic
nucleus, gave a sononitro derivative identical with the 12-nitro«M:cto->
1,2,3,4-tetrahydroflttcn^ntl^eno already prepared by a series of reactions
fro© 2-nitrefluorcsic (51) and by nitration of //5*(9-fluorcE^l)propionie
acid followed by cyclisation (52).
-25-
Scction II
Aiyl substituted unsaturated acids are often intermediates in the
preparation of polycyclic aromatic hydrocarbons. A survey of the literature
shows there is considerable uncertainty regarding the structure and properties
of a number of these acids. The following describes some structural studies
on a number of aryl substituted unsaturated acids and their related compounds.
-Fluorenylidcnepropionio acid and Its derivatives.
Borsohe and Niemann (53) prepared ^-fluorenjdLidenepropionic acid
XXX, m.p. 202-203, by condensing 9-formylfluorene and malonic acid in piper-






Craig (54) obtained XXX by the interaction of 9-formylfluorene and
ethylcyanoacetate followed by hydrolysis and decarboxylation of the product
XXXI.
• CHi (OOH
cho r 11 " I" IK 11
Cn coo£+
■gxi
The properties of this intermediate XXXI are interesting. In the
solid state or in hexane XXXI was white, while its solution in ethanol or
piperidine was yellow. This is probably due to the colourless form having the





as CH.CH(ClO •COOEt (55) • This was "borne out by the resemblance of the
ultraviolet spectrum in hexane to that of fluorene (p. 27) a similarity which
disappeared when the solvent was changed to ethanol. Similar colour changes,
however, have been observed in fluorene
derivatives which cannot tautoaerlse, the
colourless 9-diphenylmethylenefluorene for
examcle XXXII giving a yellow solution or
yellow melts (55).
The foregoing work is in conflict
with the results of Campbell and Painfull (17) who assigned m.p. 157°C. to
the acid XXX, which they prepared by the alkaline hydrolysis of /3 - (9-hydroxy-
9-fluorenyl)propionitrile XXXIV and subsequent treatment with mineral acid;
they gave m.p. 202°C. for the corresponding lactone XXXV. He-investigation
of this hydrolysis has shown that some of the data reported by Campbell and
Painfull are erroneous and that depending on the conditions the product may








The constitution of the lactone has been well established. It is
-27-
(Cf. Ref. 60, Diagram 31l)
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insoluble in sodium carbonate, gave a positive test with hydroxylemine (57)
and showed an infrared band at 1772 cm."-*- characteristic of five-membered
saturated lactones (58) Its ultraviolet spectrum is similar to those of
fluorene and particularly 9-ethylfluorene-9-ol (p. 29). Ring-opening with
sulphuric aoid gave /3 -1'luorenylidenepropionic acid XXX.
Craig (54) suggested compound XXX may have the ^-unsaturated struct¬
ure. Its properties, however, leave little doubt that it lias the y8$r-structure
XXX. It formed a colourless ureide with di-p-dimethylaminophenylcarbodiimide
(p. 18) and showed infrared absorption at 1718 cm."^ associated rather with a
saturated or /^-unsaturated acid than with an ctyj-unsaturated acid (p. 17).
The presence of an -double bond does not greatly alter the ultraviolet
absorption of the fluorene system (59) the ultraviolet spectrum of XXX,
however, lacks the 250-300 m/i* band and the less intense band at 300-310 xyA
oharacteristio of fluorene and fluorenyl derivatives (So) and exhibits
absorption similar to that of fluorenylidene derivatives such as 9-ethyl-
idenefluorene (p. 30) and fluorenylideneacetic aoid (p.$l)»
An attempt was made to prepare an acid XXXVTI, with the ethylenic
double bond stabilised in the 13- position, and study its physical and
chemical properties. 9-Methyl-9-aeetylfluorene was reacted with ethyl
bromoacetate and zinc (Refornatslqx reaction) and the resulting oil dehydrated
in benzene/phosphorus pentoxide mixture. Hydrolysis gave a solid 'which
melted over a wide range and could not be purified.






































WAVELENGTH TN ANGSTROMS ■>
(Of. Ref. 60, Diapram 324)
(Cf. Ref. 60, Diagram 3H)
-30-
(Cf. Ref. GO, Diarram 31l)
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9-methyl-9-acetylfluorene followed by hydrolysis also failed.
Unsuccessful attempts were made to convert the acid XXX into the
lactone XXX?, which, however, is easily obtained by dehydration of the
hy&rosy-acid XXXVT. The acid-catalysed irreversible isomerisation of a
y-lactone to the corresponding /jjf-unsaturated acid is novel (42) and
is in contrast to the behaviour of the structurally analogous cliphenyl-
vinylacetic acid which in acid media is in equilibrium with the lactone
and with sulphuric acid gives a 35% yield of the lactone (4-3) • Efforts
to isomerise the to the cty3-unsaturated acid "by alkali failed,
confirming the conclusions of earlier workers (41) that Jf-aryl substituents
give almost exclusively the /?Jf-isomer in the base-catalysed equilibrium
between /3*r- and -unsaturated carboisylic ions.
The unsaturated acid XXX with bromine in acetic acid yielded a
dibromide XXXVTII which decomposed so rapidly that it could not be obtained
pure. There seems little doubt, however, that the pure dibromo-acid melts
considerably lower than the rn.p. lS6-l67°C. reported (/7)- The dibromo-acid
when kept yielded the brono-lactoneXXXIX.
xxy xxxvju /ytry
Tlie bromo-lactone XXXIX gives an ultraviolet spectrum resembling
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that of the lactone XXX? (p.33)> hut exhibited a strong infrared hand at
1795 om.~^, differing from the 1775 cm.""'' exhibited by five-membered lactones
(58). The lactone XXX? with bromine in acetic acid on standing gave finally
the bromo-laotone; probably the acid catalysed isomerisation of the lactone
XXX? to the unsaturated acid XXX is the initial step. The bromo-lactone and
the dibrorao-aoid gave rise to the unsaturated acid XXX when boiled for a short
time with sine and acetic acid.
Both the /^-unsaturated acid XXX and the hydroxy-acid shored
carboxyl absorption at 1718 cm."-*- typical of dimerised carboxylic acids (Si),
while the bydroxy-acid possesses a sharp hydroxyl band (S2) at 34-50 cm."-'-.
The ultraviolet spectrum of the hydroxy-aeid (p.33) is typical of a fluorene
derivative and almost identical with that of 9-ethylfluorene-9-ol (p.2^).
The ultraviolet spectra of a number of fluorenol derivatives have
been investigated. The spectra of fluoren-9-ol, 9-bensylfluoren-9-ol,
£ -(9-hydro:y-fluorenyl)propionitrile (p.3u) /3 - (9-hydroxy-9-fluorenyl)-
propionic acid and 9-ethylfluorene-9-ol are all similar and illustrate the
bathochromic influence of the 9-hydroxyl group cm the fluorene spectrum (S3),
giving rise to the characteristic band at 307-310 by which fluorenols can
•










Fichter and. Latzko (6k) prepared 3,Vd±phenylbutenoie acids by
condensing bensaldehyde with diethyl phenylsuccinate in a Stobbe reaction,
the condensation apparently taking place on the c*-carbon atom activated
by the phenyl group.
PA fHO PAcHLOOEt PJi CH-< - CHtCOOH
I ^ <
ctii'COoEX PA
Two 3»4-diphenylbut-3-enoic acids were obtained, one of m.p. 172-173°C.
and an 'alio* compound of m.p. 1A2°C. Isomerisation of both compounds
by alkali gave the -isomer m.p. 130°C.
A 3»4"-diphenylbutenoic acid (quoted m.p. 168°C.) has been prepared
by a Reformatsky reaction between deoxybensoin and ethyl bronoacetate followed
by dehydration and hydrolysis of the intermediate hydrosy-ester XL.
Both the py-unsaturated (66,67) and the of/3-unsaturated structure (65, 1£>)
have been assigned to this compound.
?A - CHt <9H





Fhalnikar and %rgund (67) also obtained a 3»4-diphenylbut-2-enoic
acid by hydrolysis of XL and dehydration of the resulting hydro:y-acid in
acetic anhydride (quoted m.p. 114°C.).
Aeoording therefore to the above researches, it seems that at least
four 3,4--diphenylbutenoic aoids have been isolated. This is not impossible,
since the acids might be e((3-or ^-unsaturated acids, each existing in two
geometrically isomeric forms. It seems unlikely that all four forms would
be easily isolated. That the hydroxy-ester XL should dehydrate in the^JjLposition
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vfhile the corresponding hydroxy-aeid dehydrates in the Of/3-position (6?)
also seems unlikely. This could possibly be accounted for by the change
in dehydrating reagents (Cf. Ref. 77). However, this is not probable and
it was therefore decided to repeat the investigation both of the Stobbe and
the Refomatsky reactions.
A Reforraatsfcy reaction between deoxybenzoin and ethyl bromoaoetate
gave XL. Dehydration by phosphorus pentoxide and hydrolysis of the resulting
unsaturated ester gave 3,4-diphenylbut-3-enoic acid, m.p. 169° C., whose
structure was confirmed by the colourless ureide formed with di-p-dinethyl-
aminophenylcarbodiimide (Cf. p.18), the similarity of its ultraviolet speotrum
to that of o( -methylstilbene, and its difference from that of o{ -methylstyrene
(p.37)• The attempted lactonisation of the unsaturated acid by boiling in
sulphuric acid, b.p. 1A0°C•, resulted in decarboxylation to o(-methylstilbene
XLI. In this ease of decarboxylation 3,4-diphenylbut-3-enoio aoid differs






The attempted addition of hydrobromic acid followed by ring-closure gave
back the original unsaturated acid. In an attempted isomerisation to the
2-enoic acid (6A) only unchanged ^^-unsaturated aoid was obtained.
Hydrolysis of the hydroxy-ester XL gave yj^-diphenyl- J3 -hydroxy-
butyric acid. An attempted dehydration in acetic anhydride (67) gave an
oil which could not be crystallised. Boiling the hydroxy-acid in sulphuric
aoid, b.p. 1A0°C., gave a mixture of 3,if-dipherrylbut-3-enoic acid and
c{-methylstilbene XLI. Despite a number of attempts no unsaturated acid
-37-




PhCH*C-CH_ (Cf. Ref. 60, Diagram 127)
i 5
Ph
CH, — C *CH0 - (Cf. Ref. 60, Marram 25)3 | d —.—.— —
Fh
of rs.p. 114°C. could "be detected or isolated. It is concluded that
Phalnikar and Nargund probably isolated only an impure unsaturated acid.
Attention was then directed to the Stobbe condensation bet-ween
benzaldehyde and diethyl phenylsuccinate oarried out by Pichter and Latzko
(64). It is known that in the Stobbe condensation between substituted
suocinic esters XLII where R = CH^, CHgFh, Cl^CHgPh, and aldehydes
condensation occurs at the methylene groups. Pichter's contention (64)
that benzaldehyde condenses at the substituted oarbon atom (see above)
of diethyl phenylsuccinate (XLII, R = Hi) giving 3»4-diphenylbut-3-enoie
acid, possibly through hydrolysis and decarboiylation of an intermediate
paraconic ester XLHI (68), is therefore unlikely. This view is strengthened
by recent work which showed that cyoloheptanone condenses with diethyl
nhenylsuccinate at the methylene grout) (69).
PA
fl-CH- COOE+ P-8 CH -c - COOEf
I 11I 0 CHr
CHx-tOOGt \0'
Repeated attempts to obtain the diphenylbutenoic acid of Pichter
and Latzko led only to oily products, alkaline hydrolysis of whioh yielded
a compound whose properties indicate that it is benzylidenephenylsuccinic
acid XLIV.
PA CH - C. - COOH
I
R£- CH- COOH
It is soluble in sodium carbonate solution. With ethanol and sulphuric
acid it gave a monoethyl ester which was soluble in sodium carbonate solution,
and with p-nitrobenzyl bromide yielded a di-p-nitrobenzyl ester. The
dioarboxylio acid showed an infrared absorption band at 1625 cm.""'' whioh
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is not present in the spectrum of phenylsuccinic acid and which is assigned
to the ethylenic linkage, cinnamic acid, for instancet exhibiting a band at
1626 cm."*"1" (70) . Ozonolysis gave an oil from which was isolated benzal-
dehyde (identified by dinitrophenylhydrazone). Decarboxylation of the
dibasic acid was attempted without success.
Attempts to repeat Fichter's condensation of benzaldehyde with the
sodium salt of phenylsuccinic acid {6h) gave only uncrystallisable oily
products *
Benzylidenephenylsuecinic acid gave two cyclic anhydrides, m.p. 76°
and 11A°C. It is unlikely that these are cis- and trans- isomers of the
anhydride XLV, since they are easily obtained from one geometric form XLIV,
and it is probable that the two isomers are benzylideneuhenylsuccinic






The low melting anhydride was obtained by heating the diearboxylic
acid XLIV above its melting point and was occasionally isolated along with
the dibasic acid XLIV from the Stobbe reaction. It is probably identical
with the anhydride obtained by the condensation of phenylpyruvic acid with
benzyl cyanide followed by hydrolysis and dehydration of the product XLVII
(71). To this anhydride Cordier (loo.cit.) tentatively assigned the
structure XLVI.




The anhydride showed three characteristic absorption bands, two of which
at 1842 cm.-1 and 1764 cm.-1 are found in cyclic anhydrides (72) Cf. succinic
anhydride, I865 era. ^ and 1782 cm.""3*; maleic anhydride 1848 cm."^ and 1790
on.-"''. The third band at I64O on.-1 is assigned to the double bond and
was missing in the spectrum of a specimen of phenylsuccinic anhydride
n 1
prepared, which showed only absorption at 1358 cm." and 1730 cm."' typical
of cyclic anhydrides (72).
Benzylidenephenylsuccinic acid on heating in acetyl chloride gave
the higher melting anhydride, which showed the two carbonyl absorptions
typical of anhydrides at I832 cm.""1 and 1752 cm."1 and a band at 1647 em."1
associated with the double bond. Osonolysis of the two anhydrides gave oils
from which were isolated dinitrophenylhydrasones which could not be purified.
The ultraviolet spectra of the dicarbosylic acid XLIV (ilmax 265 m^u, log £
4.13) the high melting anhydride (Xmsx 285 vy* , log£4.5) and the low
melting anhydride umas 309 1y* , log £ 4.05) did not contain sufficient fine
structure to be of value. In ethanol the spectra of the anhydrides tended
to "wander" and were recorded in cyclohexane.
The condensation of benzaldehyde with diethylphenylsuccinate by
potassium t-butoxide gave mixtures of acid XLIV and the low melting anhydride.
In one run a small amount of material of m.p. 206°C. was isolated. The
compound analysed for C^cjH^C^ but could be neither hydrolysed nordeoarboxyl-
ated and surprisingly gave no infrared oarbonyl absorption. The substance
has so far not been identified.
It can be concluded that the claims of both Fichter and Latzko, and
Phalnikar are open to grave doubt and this is in harmony with other work
carried out in the department.
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The ureides from di-p-dimethylaainophenyloarbodiimide and a
number of other aryl substituted unsaturated acids have been prepared.
4.,4.-Piphonylbut-3-enoic acid XLVTII, prepared by oondensing diphenylacetal-
dehyde with malonic acid (73) ciystallised from petrol in two forms, elongated
plates and short prisms. Its structure follows from its ease of lactonisation
(4-3) and is confirmed by the similarity of its spectrum to that of 1,1-diphenyl-
prop-l-ene (p.4-2) • 11th di-p-dimethylaminopheny1carbodiimide it gave a
colourless ureide.
v /cooyA Pi,
CH.CHO + CHi =» v , ,~nXA
/ 1 ^ CstH.CHttOOHPi,7 ncooH /
Pi,
XLVW
The acid-ester tentatively assigned structure XLIX prepared in the Stobbe
condensation of bensophenone (20) and diethyl succinate gave a colourless








"With coloured oC/J-tinnaturated acids it seems di-p-dimethylanino-
phenylcarbodiimide gives ureides more deeply coloured than the parent acid.
The yellow fluorenylideneaoetic acid L for example gave an orange yellow
prismatic ureide. The yellow aoenaphthylideneacetic acid LI with
di-p-dinetliylaninophenylcarbodiimide gave orange coloured needles while the

































c = chch, Ccf; Ref. 60, Diaprnm 119)
EXPERIMENTAL
-hlv
1. Analysis were carried out by Drs. Weiler and Strauss, Oxford.
2. All melting points are uncorrected and were determined by a capillary
melting point apparatus (using butyl phthalate) except in a few oases in
which a Kofler micro-melting point apparatus was used.
3. Unless otherwise stated the petrol used was of b.p. 100-120°C.
4. Ultraviolet spectra were determined with a Unicam SP 500 Spectrophoto¬
meter with ethanol as solvent unless otherwise stated.






Campbell and Tucker, J.C.S., 2624, (1949).
62 gn. Fluorene gave 52 gnu fluorcne-9-carboxylic acid after
crystallisation from acetic acid.
M.p. * 220-225°C.
Methyl fluorene-9-oarboxylate
Tucker J.C.S., 2182, (1949).




Campbell and Tuoker, loc.cit.




Craig, Ph.D. Thesis, p.68.
Phosphorus pento;dLde (750 gn.) was dissolved in syrupy phosphorio
acid (600 ml.) by heating at 140°C. for 1-2 hours. ft -(9-Fluorenyl)propionlc
—4-6—
aoid (4-0 gm.) was added and the mixture heated at 150°C. for 35 minutes. The
solution was poured into water and the crude ketone obtained by extraction with
benzene. A sample Of pure ketone was obtained by ehromatographing crude
ketone (4- gnu) on alumina (80 gm.). Evaporation of the first 100 ml. benzene
eluted gave a sample of reasonable purity (2 gm,) for the next stage.
M.p. = 90-93°C.
In succeeding large scale experiments crude ketone was used.
Schmidt reaction on 4--keto-l>2,3*4--tetrahydrofluoranthene
The reaction was initially carried out on the pure ketone. In
succeeding experiments, as reported here, crude ketone was used with little
change in yield.
A mixture of crude ketone (22 gm.), sodium aside (lO gm.) and
trichloroacetic aoid (130 gm.) was heated at 60°C. (fune-cupboard) with
occasional shaking for 5 hours. The dark mixture was poured into water
(800 ml.) precipitating a brown solid, or oil which solidified on standing.
The trichloroacetic acid salt of the lactam was filtered off, dried and
crystallised from benzene.
Yield * 15 gm.
M.p. « 159-169°C.
Two further crystallisations gave straw coloured needles.
M.p. ■ 172-173°C. (decamp.)
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Clf^NtLCl3 requires:- C = 54.2*? H ■ 3.5^ N = 5*5%* CI = 26.7?$.
Found:- C = 54.2?$ H « 3.7?$ N * 4.2?$ CI * 25.8?$.
Pondered trichloroacetic acid salt (11 gra.) was thoroughly shaken with sodium
carbonate solution. The lactam of 3-(l-amino-9-fluorenyl)propionic acid was
filtered off, washed and dried.
Yield a 6.2 gm.
M.p. = 225-230°C.
Three crystallisations from glacial acetic acid gave dark yellow prisms.
M.p. * 234-23S°C. (decomp.).
c16H13NO re(Iuiresi- C » 81.7?$ H » 5*6% N = 5*9%
Found:- C. « 81.0?$ H « 5.7?$ N » 5*5%*
3-(l-Amino-9-fluorenyl)propionic acid.
Powdered lactam (6 gm.) was heated under reflux with concentrated
hydrochloric acid (150 ml.) for 1 hour. The solution was cooled, and the
hydrochloride of the amino-acid filtered off. After washing with a little
water, the precipitate was "boiled in saturated sodium acetate solution.
On hot filtering and cooling the solution, 3"(l-ojnino-9-fluorenyl)propionio
acid was deposited as a white crystalline solid.
Yield 4 gm.
M.p. a 161-163°C. (loses water) 228-233°C. (decomp.).
Two crystallisations in aqueous alcohol gave colourless needles.
M.p. k 162-163°C. (loses water) 234-235°C (decomp.).
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C1^H15W02 requires:- C = 15*% H => 6.0# N = 5*5%*
Pound.— C = 76.1# H = 6.0# N = 5*7%*
Araino-acid (0.1 gm.) was heated at 180°C. for 5 minutes. Two crystallisations
from glacial acetic aoid gave yellow prisms.
Yield = 0.06 gm.
M.p. and Mixed M.p. with lactam = 232-234°C.
Attempted acetylation of the amino-acid.
Anino-acid (0.2 gm.) was boiled with acetic anhydride (l ml.)
and concentrated sulphuric acid (l drop). Addition of water to the cooled
solution precipitated a pale yellow oil which solidified overnight.
Crystallisation from alcohol gave dark yellow prisms.
M.p. a 228-232°C.
Mixed M.p. with lactam « 228-232°C.
Evaporation of the ethanol left an oily residue which could not be crystallised.
Ethyl 3-(l-anino-9-fluorenyl)propionio aoid.
Amino-acid (0.3 gm.) was refluxed in ethanol (8 ml.) with concentrated
sulphuric acid (4 drops) for 2~- hours. The solvent was removed and addition
of water yielded a white oil. The mixture was made alkaline by addition of
sodium carbonate solution and the oil induced to crystallise by scratching
on the side of the tube.
Yield a 0.24 gm.
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The ethyl eater was twice dissolved in ether/petrol mixture and the ether
allowed to evaporate overnight. Colourless needles.
Yield = 0.16 gm.
M.p. as 63-64°C.
^lfft.9^2 recIu5-res:'" N as 5.0^.
Found:- IT = 5*005.
Benzoylation of ethyl 3-(l-anino-9-Flucrenyl)propionic acid.
The ethyl ester (0.1 gm.) was dissolved in pyridine (0.5 nl.), bensoyl chloride
(0.06 ml.) added, and the solution allowed to stand overnight. Dropwise
addition of water precipitated a pale yellow oil which was washed by
decantation with dilute hydrochloric acid, sodium carbonate solution, and
water. The oil, dried under vacuum, was dissolved in ether, and petroleum
added. Scratching the sides of the tube induoed crystallisation.
P.ecrystaliisation from aqueous ethanol gave colourless needles.
Yield is 0.08 gm.
M.p. ss 148°C.
C25H23ITO3 requires:- N =
Found;- IT ss 3*3/£»






The amino-acid (0.6 gn.) and phenyl isothiocyanate (0.3 gm.) were
heated in ethanol (8 ml.) for 5 minutes. Water was added until the solution
became milky below its boiling-point. The product crystallised on standing.
Yield » 0.7 gra.
Three crystallisations from aqueous ethanol gave white needles.
M.p. = 1S4°C.
C23H20fJ2S02 reciuire3:- N = 7.2^ S * 8.2#.
Found;- N « 6.6# 5 = 7.3#.
(1) Phosphorus pentoxide (3»5 gm.) was dissolved in syrupy phosphoric
acid (3 ml.) by heating the mixture at 140°C. The phenylthiourea (0.3 gn.)
was added and the mixture heated at 130°C. until the solid dissolved,and then
for a further 15 minutes. Pouring the deep red solution into water (40 ml.)#
gave a yellow precipitate which was filtered off and washed thoroughly with
sodium carbonate solution*
Yield = 0.2 gm.
The solid melted over a wide range between 100-200°C., could not be crystallised,
and yielded a dinitrophenylhydrasone which also melted over a wide range and
oould not be purified.
(2) The phenylthiourea (0.3 gm.) was dissolved in benzene (10 ml.).
Phosphorus pentaohloride (0.3 gm.) was added and the mixture boiled for 5
minutes. On adding stannic chloride (0.2 ml.) a yellow complex separated.
After standing for 24 hours with occasional shaking, the mixture was poured
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into concentrated hydrochloric acid, the white amorphous solid filtered off,
and washed thoroughly with sodium carbonate solution*
Yield b 0.2 gm.
The solid showed only slight reaction to dinitrophenylhydrazine solution,
melted over a wide range and could not be purified.
5-(l-Broao-9-fluorenyl)propionic acid.
The amino-acid (4 gm.) was stirred into glacial acetic acid (70 ml.)
and hydrobromio acid (18 ml., 40f) added. The amino-acid immediately
dissolved and the hydrobronic acid salt precipitated a few minutes later.
The mixture was stirred for 20 minutes, water (24 ml.) added, and the
solution quickly cooled to 2°C. Diasotisation was carried out by adding over
10 minutes a solution of sodium nitrite (1.44 gm.) in water (20 ml.). After
45 minutes, urea was added and stirring continued for a further 5 minutes.
The mixture was quickly filtered and added in a fine stream over 10-15 minutes
to a solution of freshly prepared ouprous bromide (4 gm.) in hydrobromio acid
(ISO ml., 4Qw) at 40°C. The sticky product was separated and dissolved in
ether. The ethereal solution was washed and dried over sodium sulphate.
Evaporation gave the crude 3-(l-bromo-9-fluorenyl)propionic acid.
Yield b 2.4 gm.
The product was crystallised by dissolving it in petrol/ether mixture and
allowing the ether to evaporate overnight.
M.p. = 14S-150°C.
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Two recrystallisations from petrol gave colourless needles.
M.p. = 150-152°C.
ClgH13Er02 requires:- Br = 25*1$.
Found:- Br = 25.3^.
I5-Bromo-4-keto-I, 2,3>4-tetrahyc1rofluorantiiene.
The experiment described here was made on pure bromo-acid. In other
experiments crude bromo-aeid was used.
Phosphorus pentoxide (12 gm.) vras dissolved in syrupy phosphoric
aoid (10 ml.) by heating at 140°C. Bromo-acid (0.6 gm.) was added and the
mixture heated for 30 minutes at 140°C. The solution was poured into water
(40 ml.) and the dark brown product filtered off, washed, and dried. The
solid was boiled with petrol and hot filtered. On cooling the solution
13-bromo-4-keto-l,2,3»4-tetrahydrofluoranthene was deposited as yellow
balls.
One recrystallisation from petrol (charcoal) and two further re-crystallisations
gave colourless needles.
M.p. » 204°C.
CigilnBrO requires:- Br » 26.8^.
Found:- Br « 27.3/S.
Mnitrophenylhydrasone. Crystallised from benzene as orange needles.
CooH
Yield = 0.36 gm.
M.p. » 197-200°C.
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11.p. a 264°C. (decomp.),
CggEiJ-T^O^Br requires:- N = 11.7/.
Found:- N a 10.9/.
13-Brono-l, 2,5,4-tetroJTyclrofluoranthene.
e
Zinc dust (4.5 gm.) and mercuric chloride (0.45 gm.) were shaken
with water (6 ml.) and concentrated hydrochloric acid (3 drops) for 5 minutes.
The sine amalgam formed was washed by decantation. The bromo-ketone (0.3 gm.)
in sulphur free toluene (6 ml.)9 and concentrated hydrochloric acid (6 ml.)
were added and the mixture refluxed for 9 hours. The solution was decanted
into a separating funnel, the amalgam washed with ether, and the washings
added to the separating funnel. After thorough extraction, the ethereal
solution was washed and dried over anhydrous sodium sulphate. The ether/
toluene solvent was removed and the residue dissolved in the minimum of ether.
On cooling the solution in a cardice/acetone mixture 13-bro.no-l,2,3,4-tetra
hydrofluoranthene was deposited as fine crystals and quickly filtered.
Yield a 0.17 gm.
M.p. » 90-9S°C.
Two further crystallisations gave colourless crystals.
M.p. a 107-109°C.
CigE^Br requires:- Br a 28.0/.
Found:- Br a 26.3/.
Higher bromine analysis could not be obtained, probably due to the deficiencies
of the crystallisation procedure.
10-Bromofluoranthene.
3 hours with chloran.il (0.22 gn.) in sulphur free xylene (2 ml.) during which
the blood-red solution became dark brown. The cooled solution was filtered
and the precipitate washed with xylene (2 ml.). The oonbined filtrates were
diluted with ether and extracted with N sodium hydroxide solution. The
organic layer was washed, dried over anhydrous sodium sulphate and evaporated. The
red sticky residue in the minimum of warm benzene was chromatographed on a
column (5M x 1") of alumina (20 gn.), The chromatogram was developed using a
3:1 by volume mixture of petrol and benzene. Evaporation of the first colour¬
less eluate (20 ml.) gave 10-broraofluoranthene.
Yield e 0.06 gm.
M.p. a 138-1M-°C.
Two crystallisations in petrol gave pale yellow needles.
M.p. * 157-158°C.
C^gH^Br requires:- Br * 28*2$.
Found:- Br a 27.!$.
A piorate was deposited an addition of a warm ethanolic solution of
10-bronofluoranthene to a saturated ethanolic solution of picric acid.
Crystallisation from ethanol gave yellow needles.
M.p. = 172-173°C.
C22^12^3°7Br re(luires:" N = 8.2$.
Found:- N = 8.1%
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3-(1-Chloro-9-fluorenyl)propionic acid.
The amino-acid (it- gm.) was stirred into glacial acetic acid (70 ml.).
Concentrated hydrochloric acid (9.6 ml#), was added and the mixture stirred
for 20 minutes. Water (24 nl.) was added and the solution quickly cooled
to 2°C. Diazotisation was carried out "by adding over a period of 10 minutes
a solution of sodium nitrite (1.44 gm.) in water (20 ml.). After 45 minutes
urea was added and stirring continued for a further 5 minutes. The diaso
mixture was quickly filtered and added in a fine stream over a period of
10-15 minutes to a solution of freshly prepared cuprous chloride (2 gm.) in
6 N hydrochloric aoid (100 ml.) at 45°C. The product was filtered off, washed
with 6 N hydrochloric acid and then water.
Yield = 2.4 gm.
M.p. » 123-128°C.
Three crystallisations from aqueous alcohol gave colourless needles.
M.p. * 137°C.
C^gK^02Cl requires:- CI = 13.<^a.
Found:- CI = 13.
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aeid (25 ml.) "by heating at 140°C. The chloro-acid (l.6 gm.) was added, the
mixture heated at 1M.0°C. for 30 minutes and poured into water (80 ml.).
The precipitate was filtered off, washed, dried, and extracted with hot
petrol. On adding oharooal, hot filtering and oooling the solution, the
ohloro-ketone was deposited as yellow elongated prisms.
Yield as 0.9 gm.
M.p. » 198-202°C.
Two crystallisations gave oolourless elongated prisms.
M.p. » 200-202°C.
Cl6Hll0Cl rewires:- CI = 34.Q&.
Found:- CI » 34.2^.
Mnitrophenylhydraaone. Crystallised from benzene as orange needles.
M.p. e 258°C.
requires:- CI = 8.2^,
Found:- CI ® 7»7!$*
13-Chloro-l, 2,3, i^-tetrahydrofluoranthene.
The chloro-ketone (0.1+ gm.) was reduced by a toluene/sino amalgam/hydrochloric
acid mixture for 6 hours and the tetrahydro oompound isolated as before (p.53)•
Crystallisation was effected by dissolving the product in ether and oooling the
solution in a oardiee/aoetone mixture.
Yield » 0.28 gm.
M.p. = 92-98°C.
One recrystallisation gave fine colourless crystals.
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M.p. = 98-100°C.
C^gH^Cl requires:- CI = 14.85&.
Pound:- CI = 13.6^0.
10-Chlorofluoranthene.
(0.49 gm.) in sulphur free xylene (4 ml.). The cooled solution was
filtered and the precipitate washed with xylene (4 ml.). The combined
filtrates were diluted with ether and extracted with N sodium hydroxide.
The organic layer was washed, dried and evaporated, leaving a red oily-
product which was crystallised from bensene.
Yield a 0.15 gm.
M.p. = 145-147°C.
One recrystallisation gave colourless plates.
M.p. * 149-150°C.
C^HgCl requires:- CI.* 15.<$.
Found:- CI. = 15.0^.
Picrate. Crystallised from ethanol as yellow needles.
M.p. * 172°C.
C22%2Er3°7C"1' reluires:~ N = 8.8^.
Found:- N = 8.9^.
Attempted preparation of 3-(l-iodo-9-fluorenyl)propionic acid.
3(1-Amino-9-fluorenyl)propionic acid (l gm.) was cliazotised (p.5S)
and added in a fine stream over 10 minutes to a solution of potassium iodide
( S13*) in water (30 ml.) at 45°C. A tarry solid (6.6 gm.) which could not
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3(l-Amino-9-fluorenyl)propionic acid (l gin.) was diasotised in
hydrochloric aoid/glaeial aectic acid solution (p.55) and added in a fine
stream over a period of 30 minutes to a boiling solution of concentrated
sulphuric acid (0.5 ml.) in water (50 ml.). The cooled mixture was extracted
with ether. The organic layer was washed with a little water and extracted
with sodium carbonate solution. Acidification of the extract precipitated
a dark oil which crystallised on standing.
Yield = 0.45 gm.
M.p. = 135-140°C.
Four crystallisations from bensene gave fawn coloured needles.
M.p. as 149°C • (decomp.).
^16%4®3 C = 75»6$. H » 5*5
Found;- C « 75.2^. H « 5.4^.
Attempted cyolisation of 3- (l-hydro:??/-9-fluorenyl)propionic acid.
Phosphorus pentoxide (3 gn.) was dissolved in syrupy phosphoric
(2.5 ml.) acid by heating at 140°C . The hydroxy-aoid (0.13 gm.) was added
and the mixture heated at 130°C. for 30 minutes during which the dark brown
solution became blood-red. Pouring the mixture into water (25 ml.) gave a
dark brown solid. The product melted over a wide range and could not be
crystallised. A dinitrophenylhydrasone obtained also melted over a wide






The chloro-ketone (0.5 gnu) was boiled with sodium dichromate (1.5 gm.)
for 2 hours in glacial acetic acid (12 ml.). The dark green solution was
reduced to one-third its volume and poured into water (40 ml.). The
precipitate was filtered off and thoroughly shaken with sodium carbonate
solution. Filtration left a tarry residue which could not be crystallised.
Acidification of the filtrate precipitated a pale yellow solid.
Crystallisation from acetic acid gave two forms of crystals, small prisms and
needles. No difference in melting point or mixed melting point was detected.
Two crystallisations from benzene gave one form, yellow needles.
M.p. = 239-240°C. (decomp.).
C^H^Oyjl requires:- C ■= 65,Of, H = 2.7f CI « 13*7f»
Found:- C = 65.3f H = 2.9f CI » 13.7^.
Attempted Kofmann reaction on 1-carbo^y—"-ohlorofluorenone.
The ehloro-acid (0.2 gm.) was boiled briefly with thionyl chloride.
The excess thionyl chloride was removed, concentrated ammonia added and the
mixture allowed to stand overnight. The resulting amide was filtered off
and'added to an ice cold solution of bromine (0.06 ml.) in water (2 ml.) and
sodium hydroxide (0.24 gm.). The temperature was slowly raised to boiling-
point and the mixture boiled for 45 minutes. The dark brown solid which was
filtered off melted over a wide range and various attempts at purification
were unsuccessful.
Yield at 0.13 gm.
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Nitration of Z|--kcto-l, 2,5,L-tctrahydrofluoranthene.
Powdered ketone (3 gm.) was added with vigorous stirring to
concentrated nitric acid (50 ml.). The solid became oily and after 5
minutes reerystallised. The mixture was stirred for a further 30 minutes
and poured into water (150 ml.). The yellow precipitate was filtered off,
washed, dried, and dissolved in the minimum of benzene. The solution was
chromatographed on alumina (80 gm.) using benzene as solvent. Evaporation
of the first $0 ml. of eluate gave only oily impurities. The next 250 ml.
on evaporation gave a pale yellow solid which was boiled in a little alcohol
cooled and filtered off.
Yield ■ 1.9 go.
M.p. = 186-202°C.
One crystallisation in acetic acid and two in benzene gave pale yellow prisms.
M.p. = 224-226°C. (decomp.). Softens 208°C. upwards.
^1S%1^3 re<Ju3-reS!~ G " 72•!$> H » 4.2^ N = 5.5%.
Found:- C = 71.% H a U-.&fo N = 5.2^.
A mixed melting point with 12-nltro-A-keto-l,2,3,4-tetrahydrofluoranthene
(prepared by Nichol, Cf. Ref. 52) = 223-226°C.
Dinitrowhenylhydrazone. Crystallised from benzene as orange prisms.
M.p. = 270°C. (decomp.).
c*22h15ii5°6 squires;- N » 15*7%*
Found:- . N as 13.%.





Huntress, I-Iersberg and Cliff, J.A.C.S., 53, 2720, (1931).
100 gin. Fluorene gave 65 gm. fluorenone.
M.p. = 82-83°C.
Fluorenol
Fluorenone (10 gm.) and sine dust (35 gm.) were refilled in ethanol
(160 ml.) and sodium hydroxide solution (7.5 gm. in 100 ml.) till the solution
became colourless (30 minutes) then for a further 30 minutes. The solution was
filtered, diluted with water and the product filtered off, dried and orystallised
from benzene as colourless prisms.
Yield a 8 pi.
M.p. and mixed M.p. with authentic fluorenol = 150-153°C.
Hydrolysis of 0-(9-hydroxy-9-fiuorenyl)propionitrile
In each of three experiments fluorenol (8 gm.) and vinyl cyanide (3 ml.)
were added to a solution of potassium hydroxide (0.53 gm.) in methoxyethanol
(48 ml.) and the mixture heated at 50°C« for 20 minutes then boiled for 30
minutes with potassium hydroxide (40 gm.) in water (72 ml.) and methoxyethanol
(48 ml.). The dark mixture was poured into water (600 ml.) and filtered.
(a) In one run the solution was acidified with hydroohloric acid and
extracted with ether. The ethereal solution was washed, dried and evaporated,
leaving an oil which crystallised on standing. Crystallisation from benzene/
petrol gave colourless prisms of ^-(9-hydroxy-9-fluorenyl)propionic acid lactone
Yield = 2 gra.
M.p. = 133-134°C.
Cl6fLL2°2 re<luires!- c = 81.3^ H = 5.1%*
Found:- C = 31.15*3 H = 5.0*3.
(b) In another run evaporation of the ethereal extract left an oil
which crystallised from bensene/petrol as oolourless prisms of /3 -(9-hydroxy-
9-fluorenyl)propionic acid.
Yield = 2 gm.
M.p. = 1A3-1W °C.
clSHlA®3 recTairGs:- C = 75*6/3 H = 5.55/3.
Found; - C = 76.8/3 H = 5*5/3.
(o) The ethereal extract was extracted with sodium carbonate
solution. Acidification of the aqueous layer preoipitated an oil which







(i) Tlie hydrosy-acid (0.5 gm.) was refluxed in dilute sulphuric
acid (12 ml.) for 10 minutes during which the solid became oily. The mixture
was poured into water (12 ml.) and extracted with ether. The ethereal solution
was washed and extracted with sodium carbonate solution. After washing and
drying the ether was evaporated giving J9 -(9-hydro;p/-9-fluorenyl)propionic
aoid lactone, reorystallised from bensenc/petrol.
Yield c 0.3 gm.
M.p. and mixed M.p. a 131-133°C.
Acidification of the sodium carbonate extract gave a white solid which was
filtered off. Crystallisation from benzene gave v/hite needles of [3 -fluor-
enylidenepropionic acid, fluorescing blue in ultraviolet light.
Yield = 0.025 gm.
M.p. » 202~204-°C., not depressed when admixed,
with the acid obtained by the interaction of 9-formylfluorene and ethyl
cyanoacetate followed by hydrolysis and decarbcsylation, (Cf. Hef. 3k) *
(2) The lactone (0.5 gm.) was boiled in dilute sulphuric acid
(12 ml.) for 2-|- hours during which the solid became oily then gradually
solidified. The mixture was poured into water (12 ml.) and extracted with
ether. The ethereal solution was washed and extracted with sodium carbonate.
Evaporation of the ether gave unchanged lactone, recrystallised from benzene/
petrol.
Yield a 0.18 gm.
M.p. and mixed M.p. = 132-134°C.
Acidification of the sodium oarbonate extract gave ft-fluorenylidenepropionic
acid, recrystallised from benzene.
Yield =s 0.25 gm.
M.p. and mixed M.p. a 202-20A°C.
Ureide with di-p-diraetiylaminophenyloarbodiimide. The unsaturated acid
with a slight excess of carbodiimide was dissolved in ether. The ureide
crystallised out on standing and was recrystallised from acetone.
M.p. = 173-174°C.
C^H^OgN) requires:- N a
Found;- n a 10.5^.
Attempted Lactonisatlon of /?-fluorenylidonepropionic acid.
(1) The unsaturated acid (0.2 gin.) was boiled in a mixture of
concentrated sulphuric acid (3 ml.) and rater (3 ml.) for 1 hour, poured
into rater, and extracted rith ether. The ethereal solution ras extracted
with sodium carbonate solution, aoidification of which gave J3 -fluorenyl-
idenepropionic acid, orystallised from bensene.
Yield » 0.15 gm.
M.p. and mixed M,F.= 202-203°C.
Evaporation of tlie ether layer gave nothing.
(2) The unsaturated acid (0.2 gm.) ras dissolved in hydrobromio
acid/glacial acetic acid 1:1 by weight (6 ml.). After standing overnight
the solution was poured into rater precipitating a white solid, orystallised
from bensene.
Yield c 0.16 gm.
M.p. and minced M.p. with yg-fluorenylidenepropionic acid = 202-203°C.
Bromination of /9-fluorenylidenepropionic acid.
The reaction was capricious.
(1) The unsaturated acid (0.15 gm.) dissolved on standing in
carbon disulphide (6 ml.) and bromine (0.1 gm.) mixture for a few minutes.
The bromine was deoolourised and impure dibromo-acid crystallised out as
hexagonal prisms during 3 hours. The product was filtered off and washed
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with a little carbon disulphide.
Yield = 0.17 gm.
II.p. = 128-134°C. lit., 166-167°C.(17).
Cl6H12°2Br2 requires;- Br = *(.0.2$.
Pound;- Br = 38.3^.
The dibromo-aoid decomposed readily in organic solvents to the bromo-lactone
and better bromine analysis could not be obtained.
(2) The unsaturated acid (0.35 gm.) was dissolved in acetic acid
(13 ml.) and bromine (0.2 gm.). After 30 minutes the bromine \?as decolourised.
The solvent was removed at room temperature under vacuum. Addition of petrol
precipitated a white solid.
Yield = 0.25 gm.
M.p. = 163-165°C.
The bromo-lactone crystallised from benzene as compact prisms.
M.p. s l65-l66°C.
ClgR^BrOg requires.— C = 61.0/ H » 3-5/ Br = 25.2$.
Pound;- C ■ 60.8/ H a 3.6/ Br = 25.5/.
Prequently the produot was a mixture of dibromo-acid and bromo-lactone.
(3) The lactone of /J-(9-hydroxy-9-fluorenyl)propionic acid (0.3 gm.)
was dissolved in acetic acid (6 ml.) and bromine (0.2 gm.). The solution
which was almost completely decolourised overnight was poured into water
precipitating a white sticlry solid. Three crystallisations from benzene/
petrol gave impure bromo-laotone.
M.p. and mixed M.p. = 159-l62°C.
sN
r
(1) Dibromo-acid (0.17 qn.) was refluxed in acetic acid(l ml.) with
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sino dust (0,6 gm.) for 4 minutes. Hot filtration and dilution with water
gave /?-fluorenylidenepropionic acid, crystallised from bensene.
Yield = 0.05 gm.
M.p. and mixed M.p. « 201-202°G.
(2) Bromo-lactone (0.15 gm.) was refluxed in acetic acid (l ml.)
with sine dust (0.6 gm.) for 4 minutes. Hot filtration and dilution with
water gave p-fluorenylidenepropionic acid, crystallised from benzene.
Yield a 0.045 gnu
M.p. and mixed M.p. * 201-203°C.
9"!iydrosyfluorene-9-oarboxylio acid.
Schmidt and Bauer, Ber., 38, 3757> (1905).




Miller and Wagner, J.Org.Chem., 16, 286, (l95l)•
10 gm. 9-Hydroxyfluorene-9-carbosylic acid gave 6 gm. ethyl-9-
hyrlroxyfluorene-9-carboxylate.
M.p. a 93-94°C.
9-Hydroxy-9-( °(-hydroxy! sopropyl) fluorcne ♦
Meerwein, Ann., 396,22;.!, (1913).
6 gm. Ethyl 9-hydroxyfluorene-9-carboxylate gave 5 gm. 9-hydroxy-




Miller and Wagner, ,T.Org.Chen., 16, 287, (1951)*
4 gm. 9-Fydroxy-S-( 0( -hydroxy!sopropyl) fluorcne gave 2 gia. 9-Methyl-
9-acetylfluorene, crystallised by dissolving in ethanol and cooling
in oardicc/aectone mixture. White needles.
-M.p. * 88°C.
Dinitrophenylhydrazone. Crystallised from ethanol as orange prisms.
M.p. = 219°C.
C22H18%®4 requires:- II = 13-95b.
Pound:- N = 13«7^.
Attempted Reformats]?/ reaotion on 9-Methyl-9-aoetylfluorene.
' vCHiCooE*t
ch3
The ketone (l gm.) was dissolved in dry benzene (40 ml.) and added to
J
previously cleaned and dried (74) sine wool (0.5 gm.). A crystal of iodine
was added and ethyl bromoacetate (0.75 gm.) slowly run in. As reaction began
to subside the mixture was warmed and finally refluxed for 2 hours. After
filtering through glass wool the solution was added to 10% sulphuric acid
(80 ml.) and ether (20 ml.). After thorough extraction the organic layer
was washed, dried and evaporated leaving an oil which could not be crystallised.
The oil was refluxed in benzene (10 ml.) with phosphorus pentoxide
(l gm.) for hour. After filtration and removal of the solvent, sodium
hydroxide (20 ml.) was added and the mixture refluxed for 2 hours. After




The solid melted over a wide range and could not he purified.
Attempted condensation of 9-Meti\yl-9-aoetylfluorene with Malononitrile.
The ketone (0.4 gm.) with nalononitrile (0.16 gm.) and ammonium
acetate (0.06 gm.) was refluxed in benzene (8 ml.) and glacial acetic acid
(0.4 ml.) for 5 hours. Ether was added and the organio layer washed and
evaporated leaving an oil which was dissolved in ethanol. Dropwise addition
of water gave hack 9-methyl-9-acetylfluorene.
Yield a 0.23 gm.
M.p. and mixed M.p. = 78-80°C.
Deoxyhenzoin,
Allen and Barker, Org. Syntheses, XII, 16, (1932).
68 gm. Fhenylacetic acid gave 45 gci. deoxybenzoin.
M,p. « 54-55°C.
Reformatsly reaction on deoxybenzoin.
PA - CHV
I ^ P&CUl- L - CHiCOOEt
pe - co '
PA
The ketone (15 gm.) was dissolved in dry benzene (80 ml.) and
previously oleaned and dried (74) zinc wool (5 gm.) added along with a
crystal of iodine. Ethyl bronoacetate (l2 gm.) was slowly run in, the
mixture allowed to react, and finally refluxed for 2 hours. After
filtering through glass wool, the solution was added to 10^ sulphuric acid
(160 ml.) and ether (50 ml.). After thorough extraction the organic layer
was washed, dried over anhydrous sodium sulphate, and evaporated, leaving the
crude hydroxy-ester.
Yield » 16 gm.
Crystallised from ethanol as colourless needles.
M.p. = 58°C. (lit. 57-58°C.).
3,4-Biphenylbut-3-enoic aoid.
OH
P£CHz-C - CHt CO0Et ^ P&CH= C-CHtCOOH
PA PA
Tlie hydroxy acid (8 gm.) was refluxed in benzene (40 ml.) with
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phosphorus pentoxide (7 gm.) for 3 hours. The solution was filtered,
evaporated and the resulting unsaturated ester hyclrolysed by refluxing in
sodium hydroxide (80 ml.) for 1 hour. Acidification of the solution gave
3,4^diphenylbut-3-eno±c aoid which crystallised from petrol as colourless
needles fluorescing pale blue in ultraviolet light.
Yield * 5 go.
M.p. » 168-169°C. (lit. 168-169°C.).
Ureide with di-p-dimetly/laminophenyloarbodiiiaide. The unsaturated acid
with a slight excess of carbodiimide was dissolved in dry ether. The ureide
crystallised■out overnight and was recrystallised from acetone as colourless
elongated prisms.
M.p. = 175°C.
C^H^OgN^ requires:- N = 10.8^.
Found:- N = 10.2^
Attempted Laotonisation of 3»V-diphenylbut-3-enoio acid.
y-o-co
P^CH-C-CHi ^^ P#CH = C-C00H ^ P^CH = C-CHj
P* ?l P£
(a) The unsaturated aoid (2 gn.) was refluxed in an approximately
50^ by volume sulphuric acid/water mixture (35 nl.» b.p. 140°C.) for 40 minutes.
The mixture was diluted with water, extracted with ether and the organic layer
extracted with sodium carbonate solution. Acidification of the sodium
oarbonate extract gave back 3%4-dlphenylbut-3-enoic acid orystallised from
petrol.
Yield a 0.8 gm.
M.p. and mixed M.p. = l67-l68°C,
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Evaporation of tlie ethereal solution gave a colourless solid which crystallised
from ethanol as colourless plates, light 'blue fluorescence in ultraviolet light.
M.p. = 80-8l°C.
Analysis showed the compound to he a hydrooarbon.
Found:- C = 93-2# H » 7.1%.
c15^14 squires:- C = 92.7% H = 7.3%.
A mixed M.p. with a sample of c(-methylstilbene showed no depression.
(b) The unsaturated acid (0.5 gm.) was dissolved in hydrobromic acid/
glacial acetic acid 1:1 by weight (12 ml.). After standing overnight the
solution was poured into water precipitating a white solid, crystallised
from petrol.
M.p. and nixed M.p. with starting material « l67-l68°C.
Attempted isomerisation of 5,4-diphenylbut-5-enoio acid to the 2-enoic acid (64).
The unsaturated acid (l gm.) was added to sodium hydroxide (7 gm.)
in water (28 ml.). The solid was immediately converted to an oil (probably
the sodium salt, since dilution of the mixture caused the oil to dissolve).
The mixture was refluxed for 24 hours, acidified, and extracted with ether.
A sodium carbonate extract of the ether solution on acidifioation gave back
the original acid, crystallised from petrol.
Yield * 0.8 gm.
M.p. and mixed M.p.= lS7-l68°C.
Evaporation of the washed, dried, ether solution gave nothing.
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Dehydration of PX-Diphenyl- /3-Iy/drox/butyric acid (Cf. Ref. 67).
PJk CHt M<-»l P& CH P^cH




< ( i 6
COOH COOH COOH
Grade ethyl ^^-cliphenyl-jS-hydroxybutyrate (8 gm.) was refluxe&
with sodium hydroxide (100 ml.) for 1 hour. Acidification of the solution
gave the hydroxy-acid, crystallised from petrol as colourless needles.
Yield = 6 gm.
M.p. = 120°C. (lit. M.p. = 121°C.).
(a) The hydroxy-acid (4 gm.) was rcfluxed in acetic anhydride (7 gm.)
for 3 hours. The acetic anhydride was distilled off under vacuum leaving
an oil. Various attempts at crystallisation and purification failed.
(b) The hydroxy-acid (2 gm.) was rcfluxed in an approximately 50f
"by volume sulphuric acid/water mixture of b.p. 140°C. (35 ml.) for 20 minutes.
The mixture was diluted with water, extracted with ether, and the organic
layer extracted with sodium carbonate solution. Acidification of the sodium
carbonate extract gave 3,4-diphenylbut-3-enoic acid, crystallised from petrol.
Yield =1.2 gm.
M.p. and mixed M.p. = 166-168°C.
Evaporation of the washed and dried ethereal solution gave Ci -methylstilbene,
crystallised from ethanol.
Yield as 0.2 gm.
M.p. and mixed M.p. = 80-8l°C.
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Stglobe condensation between bensaldehydc and phenylsuooinic aoid.
(a) Dry phenyl sodium suocinate (29 gm.) benzaldehyde (14-.1 gm.)
acetic anhydride (13-6 gra.) were heated at 125-130°C. for 15 hours. The
resinous mass was freed from bensaldehyde by steam distillation. Dilute
hydrochloric aoid was added and the mixture extracted with ether. The
organic layer was extracted with sodium carbonate solution, acidifioation of
which gave an oil which was separated by ether extraction. All attempts
at purification (Cf. Ref. 64-) gave only phenylsuccinie acid and uncrystal-
lisable oil.
P&CHCOOEt P-RCH-C-CooH
CHO + I ^ I
C8x-C00E"jt P&-CH-COOH
(b) Diethyl phenylsuccinate (l5«3 gm.) bensaldehyde (6.3 gm.) and
ethanol free sodium etlioxide (8 gm.) were added to dry ether (80 ml.) and
the mixture kept at room temperature, with occasional shaking, for 5 days,
then poured into water (100 ml.). Acidification of the aqueous layer gave
an oil which was extracted into ether. The ethereal solution was washed,
dried and evaporated to an oil.
Yield ss 8 gm.
The oil, which oould not be crystallised, was refluxed for 1 hour in sodium
hydroxide solution (80 ml.). The mixture was acidified, extracted with
ether, and the organic layer washed, dried and evaporated. The resulting
oil on standing in petrol/ether mixture overnight deposited white crystals
of bensylidenephenylsuocinic acid.
Yield * 2.2 gm.
Two crystallisations from aqueous alcohol gave colourless plates.
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M.p. = 175°C. (decomp., rapid heating).
^17^14^4 re(SJ-^re3i" C = 72.353 H» 5.053.
Found:- G = 72.2$ H a 5.053
The remaining oily material could not be crystallised.
Occasionally, some bensylidenephenylsuocinic acid was obtained from the oil
before alkaline hydrolysis and in other runs some of the low melting
anhydride (Cf. p.77) was also isolated.
(c) Bensaldehyde (6.3 gn.) and diethyl phenylsuooinate (l5«3 gm.)
were added to a solution of potassium (2.4 gm.) in t-butyl alcohol (50 ml.)
under an atmosphere of nitrogen, and the mixture was refluxed for 45 minutes.
The cold reaction mixture was just acidified with hydrochloric acid and the
built of the t-butyl alcohol removed under reduced pressure. Hydrochlorio
acid was added and the oily product extracted into ether. The organio
layer was extracted with sodium carbonate solution which, on acidification,
gave an orange coloured oil.
Yield a 7 gm.
The oil was hydrolysed by refluxing in sodium hydroxide (70 ml.) for 1 hour.
The solution was acidified, extracted with ether and the organic layer
evaporated to an oil which, on standing in petrol/ether mixture overnight,
deposited bensylidenephenylsuccinic acid in varying amounts but in each
oase in poorer yield than in (b). In one run a small amount of material
was deposited which crystallised from aqueous alcohol in small granular
crystals.
M.p. * 206°C.
Found:- = C = 73.5^ H = 5.6%
Analysis for the monoethyl ester of bensylidenephenylsuccinic aoid
C19^18^4 rec^^r&s:'m C b 73«5^ H * 5.8/3.
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However, all attempts to hvdrolyse, decarboxylate or dehydrate the confound
failed, and an infrared spectrum of the material surprisingly showed no
carbonyl absorption to any extent. The compound has not been identified.
Honoethyl ester of benzylidenephenylsuccinio acid.
The dicarboxylic acid (0.2 gm.) ethanol (it- ml.) and concentrated
sulphuric acid (3 drops) were refluxed for 2 hours. The volume was reduced,
water added, and the mixture extracted with ether. The ethereal layer was
washed and extracted with sodium carbonate solution. Acidification of the
aqueous layer gave a white oil which was induced to solidify by scratching
on the sides of the tube.
Yield = 0.1 gm.
Three crystallisations in benzene petrol mixture gave white needles.
M.p. = 124°C.
Ci^HigO^ requires:- C = 73«5/$ H =
Found;- C ■ 73.35$ H = 5.Of*
Evaporation of the ethereal layer gave an oil which could not be crystallised.
Di-p-nitrobenzyl ester of benzylidenephenylsuccinic acid.
PA CH = C- C00H P&C H = C - COO CH v~
I s, <
PA - PA 'Cw vC0OCHt -C^H^-WOa.
The dicarboxylic acid (0.2 gm.) in water (3 ml.) was neutralised by
sodium hydroxide (phenolphtlialein). p-Nitrobenzyl bromide (0.32 gm.) in
ethanol (12 ml.) and hydrochloric acid (3 drops) was added and the solution
refluxed for 2 hours. The stichy solid obtained on diluting the mixture with
water was crystallised from ethanol as colourless needles.
Yield » 0.15 gpu
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M.p. = 127°C.
c31H24°8t,I2 squires:- C = 67.1$ K = b.K% N = 5.1%.
Found:- G = 67. ($ H = k»7% N » 5.2%,
Osonisation of bengylidenephenylsuocinic acid.
A solution of the dicarboxylic acid (0.3 gm.) in purified ethyl
aoetate (AO ml.) was cooled in a freesing mixture and a slow stream of
ozonised oxygen (approximately 2% ozone) passed through from a multiple
electrode ozoniser for 10 minutes. The mixture was thoroughly shaken with
a solution of water (AO ml.) and concentrated hydrochloric acid (A drops).
The organic layer was washed, dried over anhydrous sodium sulphate and
evaporated to an oil which was extracted with ethanol. The ethanolic extract
on "boiling with stock dinitrophenylhydraaine solution containing a few drops
of concentrated hydrochloric acid deposited a voluminous red precipitate of
bensaldehyde dinitrophenylhydrazone, crystallised from glacial aoetic acid.
M.p. and mixed M.p. = 237°C.
Attempted decarboxylation of benz.vlidenephenylsuooinio aoid.
The dicarboxylic aeid (0.2 gm.) was refluxed in a mixture of
glacial acetic acid (15 ml.) concentrated hydrochloric acid (7 ml.) and
water (10 ml.) for A hours. After concentration to 5 ml. the mixture was
extracted with ether and the ether layer extracted with sodium oarbonate
solution. Aoidifioation of the aqueous extract gave back benzylidene-
phenylsuccinic acid, crystallised from aqueous ethanol.
M.p. and mixed M.p. « 17A-175°C.
The ethereal solution on evaporation gave nothing.
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Hefluxing the dicarboxylio acid (0.2 gm.) in glacial acetic acid
(3 ml.) and hydrobromic aoid (2 ml,, k.8%) mixture had a similar effect.
Rehydration of bensylidenephcaaylsuccinio acid.
(a) The dicarboxylio acid (0.2 gn.) was heated at 180°C. for 10
minutes during which effervescence was noted. The resulting oil crystallised
from petrol as colourless needles which on standing in the mother liquor heoame
colourless prisms. Both forms had similar melting-points which showed no
depression on admixing. Recrystallisation from ethanol or petrol gave
colourless prisms.
Yield x 0.12 gm.
M.p. = 76°C.
Found:* C * 16.1% H a 4.8^.
The anhydride of benzylideiiephenylsuceinic aoid C17H12O3
requires:- C * 11.3% H a b.,6%.
(b) The dicarboxylio aoid (0.2 gm.) was boiled in acetyl chloride
(4 ml.) for 15 minutes. The solution was concentrated and careful addition of
water precipitated an oil which solidified on standing. On boiling the solid
in petrol and cooling^the solution became milhy then deposited white crystals.
Two further crystallisations from petrol gave white needles.
Yield a 0.11 gm.
M.p. a 11Z(.0C *
Found:- C = 16.8% H = k.1%
01yH1203 requires:- C a H.3% H a k.,6%
The infrared spectra of both the above oompounds indicated they are
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arihydrides (Cf. p.40). Osonolysis of both compounds was carried out (as
on page 76) giving oils from which dinitrophenylhydrazone precipitates were
obtained. These dinitrophenylhydrazones melted over a wide range and oould
not be purified.
Di-p-dinethylaminophcnylthiourea.
Cf. Baur, Ber., 12, 533, (1879).
Dimethyl-p-phenylenedianine (10 gm.) and oarbon disulphide (8 gm.)
were rcfluxed in ethanol (100 ml.) until no more hydrogen sulphide was evolved
(lead acetate paper). On cooling the solution the product which separated
was filtered off and reerystallised from benzene as colourless needles.
Yield = 8 gm.
M.p. = 186-187°C.
Di-p-dlmethylamlnophenylcarbodiinide.
Cf. Rotter, Monats., 4[7, 355, (1926).
cs * c
XNH^^^(ch$)I \^~^M(ch02
M-p-dimetfcylaminophenylthiourea (8 gm.) was refluxed in benzene
(50 ml.) with a mixture of yellow mercuric oxide (20 gm.) and anhydrous
calcium chloride (k gm.). The mixture was filtered and the solvent removed
under vacuum leaving a white crystalline mass, which was dissolved in ether.
On cooling and reducing the volume of the cold solution the oarbodiimide
crystallised out and was filtered off in stages.




Burtner and Cusic, J.A.C.S., 6£» 2^2* (l9?s-3)
In the reduction ethanol was used as the solvent.
18 gm. "Benzoin gave 15 gm. of hydrobensoin.
M.p. a 138°C.
Diphenylacetaldchyde.
Danilov, Ber., 59, 1032, (1926).
14 gm. hyirobensoin gave 6 gm. of diphenylaOetaldehyde.
B.p. = 18H^-186°C ./20 a.m.
A»4-Mphenylbut-3--enoio acid.
Burtner and Cusio, loc.cit.
5 gm. Diphenylacetaldehyde gave 3.5 gm. 4»4-diphenylbut-3-enoie
acid. Crystallisation from petrol showed two forms, prisms and elongated
plates. No depression of melting-point was noted on nixing the two.
M.p. « 117-118°C. '
Ureido with di-p-dinethylaninonhenylcarbodiinide. The unsaturated acid
with a slight excess of carbodiimide was dissolved in ether. The ureide
crystallised out on standing and was rccrystallised from acetone as colourless
needles.
M.p. = 152°C.
0331*32,02% requires:- C = 76.5f H a 6.6^ N = 10.8^.
Found:- C = 76.7^ H a 6.%Z N = 10.9^.
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The ureides of the following compounds were prepared by dissolving
the acids with a slight excess of the oarbodiimide in ether. On standing,
the urelde orystallised out.
Fluorenylidenoacetic acid. The ureide crystallised from acetone as orange-
yellow prisms.
I.p. « 180°C.
^32E30°2% N * 11.1$.
Pound;- N * 11.0?=.
Ph2C * cCCOgEOCHgCOgB. The ureide crystallised from acetone as colourless
prisms.
M.p. = 178-179°C.
C36H380A requires;- N a 9*5f*
Pound:- N » 9.1^.
Acenaphthylidencacetic acid. The ureide crystallised from aoetone as orange
coloured needles.
M.p. » 173-174®C.
C^fi^OgN^ requires:- N * 11.4^.
Pound:- N * 11.1#
7-Aoenaphthyleneaoetio acid. The ureide crystallised from acetone as yellow
compaot prisms.
M.p. m 165-166°C.
C31H30°2N4 reTaires:*" w = 11.4#.
Pound:- N * 11.4#.
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ULTMVTOLET SFECTRA.
Wavelength in iy< (log£in parentheses), solvent ethanol unless
otherrn.sc stated.
Ettryl o<-cyano-/S-9- 250(4.68)
fluorenylaorylate. In hexane 228(4.28) 258(4.40) 288(3.84) 300(3.80)
Lactone of /?-(9-hydroxy- 228(4.38) 235(4.36) 273(4.10) 302(3-34 inflexion)
fluorenyl)propionic acid.
0-Fluorenylidene- 230(4.66) 246(4.59) 257(4.61) 280(4.23) 300(4.1)
propionic acid. . 314(4.09)
Fluorenylideneacetic 228(4.60) 250(4.46) 258(4.46) 288(4.22) 302(4.13)
aoid. 315(4.12)
Laotone of /?-(9-hydroxy- 228(4.49) 235(4.44) 274(4.14)
fluorenyl) - B -bronopropionic-
aoid.
(3 -(9-Rydroxy-9-fluorenyl)- 228(4-29) 234(4-18) 275(4.05) 296(3.56) 307(3*55)
propionic aoid.
Fluoren- 9-ol. 228(4.38) 234(4.29) 271(4.14) 296(3-56) 307(3*35)
9-Benzylfluoren-9-ol. 228(4.37) 236(4.24) 276(4.07) 307(3.51)
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158. The Preparation and Properties of $-9-Fluorenylidene-
propionic Acid.
By D. M. W. Anderson, Neil Campbell, J. T. Craig, and D. A. Crombie.
Tlie constitution of (3-9-fluorenylidenepropionic acid (11) has been estab¬
lished and the chemical and spectral properties of the acid and its derivatives
are reported.
9-Formylfluorene and malonic acid in piperidine condense to give p-9-fluorenylidene-
propionic acid 1 (II), m. p. 202—203°, which is also obtained by the interaction of 9-formyl-
fluorene and ethyl cyanoacetate followed by hydrolysis and decarboxylation of the
product (I). This intermediate is colourless in the solid state and in hexane, but gives a
yellow solution in ethanol or piperidine, probably owing to the colourless form's
having structure (I) which tautomerises2 to the yellow py-unsaturated ester form,
;CH*CH(CN)*C02Et. This is substantiated by the ultraviolet spectrum in hexane which
resembles that of fluorene, a similarity which disappears when the solvent is changed to
ethanol. Similar colour changes, however, are sometimes observed in fluorene derivatives
which cannot tautomerise, the colourless, crystalline 9-diphenylmethylenefluorene, for
(V) (IV) (VI)
instance, giving yellow solutions or melts.3 The position of the double bond in the
unsaturated acid (II) is suggested by the colourless ureide formed by the acid with di--£-di-
methylaminophenylcarbodi-imide.4 These results are in conflict with those of Campbell
and Fairfull,3 who assigned m. p. 137° to the acid (II), which they prepared by the alkaline
hydrolysis of p-(9-hydroxy-9-fluorenyl)propionitrile (VI) and subsequent treatment with
mineral acid; they gave m. p. 202° for the corresponding lactone (IV). We have therefore
re-investigated this hydrolysis and find that some of the data reported by Campbell and
Fairfull are erroneous and that depending on the conditions the product may be p-(9-
hydroxy-9-fluorenyl)propionic acid (III), m. p. 140°, or the lactone (IV), m. p. 133—134°.
The constitution of the lactone (IV) is established by the infrared band at 1772 cm."1
characteristic of five-membered saturated lactones,6 by the similarity of its ultraviolet
spectrum to those of fluorene and particularly 9-ethylfiuorene-9-ol7 (see Table), by the
positive test with hydroxylamine,8 and by ring-opening with sulphuric acid to give (3-9-
fluorenylidenepropionic acid (II).9 The lactone with bromine in acetic acid gives the
bromo-lactone (V). That the acid (II) is a Py-unsaturated acid is proved by catalytic
hydrogenation or reduction with hydriodic acid and phosphorus to p-9-fluorenylpropionic
acid,10 and by the ultraviolet spectrum (see Table) which lacks the 250—300 m^ band and
ethyl a.-cyano-fi-9-Jluorenylacrylate which separated from methanol in needles (11 g.), m. p. 93—
94-5° (Found: C, 79-0; H, 5-2; N, 5-0. C19H1602N requires C, 78-9; H, 5-2; N, 4-8%), Amax.
250 mp. (log s 4-68) in ethanol, and 228 (log e 4-28), 258 (log £ 4-40), 288 (log £ 3-84), and 300 mp
(log s 3-80) in hexane. The ester (2-23 g.) when boiled for 3 hr. with ethanol (180 ml.) and
concentrated hydrochloric acid (180 ml.) yielded (3-9-fluorenylidenepropionic acid (1-18 g.),
m. p. 198—201° (not depressed when admixed with the acid obtained by the condensation of
9-formylfluorene and malonic acid with pyridine as catalystI), and the ethyl ester (1-21 g.), m. p.
73—74° (after trituration and crystallisation from ethanol) (Found: C, 81-3; H, 6-3. C18H1602
requires C, 81-8; H, 6-1%). The ester was hydrolysed to the acid by boiling with methanol
and sodium hydroxide in J hr. Boiling the acid (0-5 g.) for \ hr. with 50% aqueous potassium
hydroxide gave fluorene (0-3 g.), m. p. and mixed m. p. 115°.
Hydrolysis of $-{9-Fluorenyl-9-hydroxy)propionitrile.—In each of three experiments fluorenol
(8 g.) and vinyl cyanide (3 ml.) were added to potassium hydroxide (0-53 g.) in methoxyethanol
(48 ml.), and the mixture was heated at 50° for 20 min. and then boiled for 30 min. with potass¬
ium hydroxide (40 g.) in water (72 ml.) and 2-methoxyethanol (48 ml.). The mixture was
poured into water.
(a) In one run the solution was acidified with hydrochloric acid, extracted with
ether, and evaporated to give $-(9-fluorenyl-9-hydroxy)propionic acid lactone (2 g.),
m. p. 133—134°: after crystallisation from benzene-light petroleum (Found: C, 81-15;
H, 5-0. C16H1202 requires C, 81-3; H, 5-1%), vmax. 1772 cm."'1 (cf. Table).
(b) In another run 2 g. of crude material yielded $-(9-hydroxy-9-fluorenyl)propionic acid,
m. p. 143—144° after crystallisation from benzene-light petroleum (Found: C, 76-8; FT, 5-5.
C16H1403 requires C, 75-6; H, 5-55%), Xmax. 228 (log £ 4-29), 234 (log e 4-18), 275 (log £ 4-05),
296 (log e 3-56), and 307 mp (log z 3-55).
(c) The crude product after acidification with hydrochloric acid was extracted with ether,
and the extract shaken with aqueous sodium carbonate. The carbonate layer with acid gave
the hydroxy-acid which, crystallised from benzene-light petroleum, had m. p. 143—144°.
The hydroxy-acid (0-5 g.) was boiled for 10 min. with dilute sulphuric acid (12 ml.) and poured
into water (12 ml.). The mixture was extracted with ether, and the ether layer shaken with
sodium carbonate solution. The ether on evaporation gave the lactone (0-3 g.), m. p. and
mixed m. p. 131—133°, while acidification of the sodium carbonate solution yielded (3-9-
fiuorenylidenepropionic acid (0-025 g.), m. p. and mixed m. p. 202—204° (from benzene-light
petroleum), subliming in prisms. The acid has a blue fluorescence. The lactone (0-5 g.) was
boiled for 2| hr. in dilute sulphuric acid and poured into water (12 ml.); extraction with ether
was followed by shaking the ether with sodium carbonate; evaporation of the ether gave
unchanged lactone (0-18 g.), m. p. 132—134°, and acidification of the sodium carbonate layer
yielded (3-9-fluorenylidenepropionic acid (0-25 g.), nr. p. 202—204° (from benzene).
Bromination of $-9-Fluorenylidenepropionic Acid.—The reaction is capricious. The un¬
saturated acid in carbon disulphide with bromine yielded the impure dibromo-acid, m. p. 128—
134° (lit., 166—167° 5) (Found: Br, 38-3. C16FI1202Br2 requires Br, 40-4%), which decomposed
in organic solvents to give the bromo-lactone. Bromine (0-2 g.) in acetic acid (3 ml.) was
added to the unsaturated acid (0-35 g.) in acetic acid (10 ml.) until the colour persisted and most
of the solvent was removed at room temperature in a vacuum. Addition of light petroleum
gave the bromo-lactone (0-25 g.), compact prisms (from benzene-light petroleum), m. p. 165—
166° (Found: C, 60-8; H, 3-6; Br, 25-5. C16HnBr02 requires C, 61-0; H, 3-5; Br, 25-4%),
%iax. 228 (log £ 4-49), 235 (log £ 4-44), and 274 mp (log e 4-14), vmax, 1795 cm."1. Frequently the
product was a mixture of dibromo-acid and bromo-lactone, each (0-16 g.) of which when heated
with zinc dust (0-6 g.) and acetic acid for 4 min. yielded [3-9-fluorenylidenepropionic acid.
Keeping the lactone (0-3 g.) of (3-(9-hydroxy-9-fluorenyl)propionic acid suspended in acetic
acid (4 ml.) overnight with bromine (0-2 g.) in acetic acid (2 ml.) and adding water gave impure
bromo-lactone, m. p. and mixed m. p. 159—162° (after three crystallisations from benzene-
light petroleum).
9-Fluorenylidenacetic Acid.—Fluorenone (9 g.) and ethyl bromoacetate (10 g.) in dry benzene
(40 ml.) were heated for 2 hr. with zinc wool (3-3 g.) which had been washed with hydrochloric
acid, ethanol, and ether, and dried. The oily product, obtained in the usual way, was boiled
with 85% formic acid (75 ml.) for 1 hr., and water and formic acid were removed under reduced
pressure. The residual red oil when dissolved in boiling methanol and cooled yielded ethyl
9-fluorenylideneacetate, yellow needles (8 g.), nr. p. 72° (lit., 77°). The ester (8 g.) was boiled
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ZETSCHE'S TEST FOR a(i-UNSATURATED
ACIDS
By Neil Campbell and D. A. Crombie
Dept. of Chemistry, The University, Edinburgh, 9
We have verified Zetsche's claim that di-p-
dimethylamino-phenylcarbodiimide (I) reacts with
ap-unsaturated acids to give coloured tV-acyl ureides
(II) whereas Py-unsaturated acids afford colourless
ureides,1 and we now report further examples of the
use of this reagent.
The test can be applied to coloured ap-unsaturated
acids since the resulting ureides are more deeply
coloured than the parent acids. The yellow









ureide, prisms, m.p. 180° (Found: N, 11-0.
C32H30O2N4 requires N, 11 -1 %). Acenaphthylidene-
acetic acid affords an orange coloured ureide, needles,
m.p. 173-174° (Found: N, 1M. C3iH30O2N4
requires N, 11*4%), whereas the isomeric 7-acenaph-
thyleneacetic acid gives a yellow ureide, compact
prisms, m.p. 165-166° (Found: N, 11-4%).
It is established that a y-aryl group in the butenoic
acids stabilises the double bond in the Py-posiiion,2
and as anticipated such acids give colourless ureides.
3 : 4-Diphenylbut-3-enoic acid (111) (sublimes, prisms,
m.p. 171—1730 (lit., 173°)) prepared by the Reformatsky
reaction between deoxybenzoin and ethyl brom-
acetate followed by dehydration, gives a colourless
ureide, m.p. 175° and then resolidifying (Found:
N, 10-2. C33H3402N4 requires N, 10-8%). The
constitution (III) of the acid, assigned without rigid
proof by Phalnikar and Nargund,3 has been confirmed
by heating the acid for 40 minutes with sulphuric
acid, b.p. 140°, to give a-methylstilbene (IV), and by
the similarity of its spectrum (X^. 270 mp, loge 4'3)
to that of a-methylstilbene (IV) (Xm„T 270 mp,
logs 4-4)4 and its difference from that of a-methyl-
styrene (VI) (Amax. 242 mp, logs 4-08).4 Efforts to
prepare the isomeric 3 : 4-diphenylbut-2-enoic acid (V)
by the method of Phalnikar and Nargund were
unsuccessful as were efforts to prepare it by









4 : 4-Diphenylbut-3-enoic acid (VII), plates, m.p.
121-122°, whose structure follows from its ease of
lactonisation6 and is confirmed by the similarity of
its spectrum (Xmax. 254 mp, logs 4-22) to that of
1 : 1 -diphenylprop-1 -ene (VIII) (Amax. 250 mp,
logs 4-1)7 yields a colourless ureide, m.p. 152°
(Found: C, 76-7; H, 6-9; N, 10-9. C33H34O2N4
requires C, 76-5; H, 6-6; N, 10-8%).
The acid ester Ph2C : C(C02Et)-CH2-C02H gives
a colourless ureide, m.p. 178-179° (Found: N, 9*1.
C36H38O4N4 requires N, 9-5%).
The acid described variously in the literature as
(3-fluorenylidenepropionic acid8 (IX) or the isomeric
yy-diplienylenecrotonic acid gives a colourless ureide,
needles, m.p. 173-174° (Found: N, 10-5.
C33H32O2N4 requires N, 10-9%) and hence the acid
has the structure (IX) tentatively assigned by Borsche8
but disregarded by Burtner and Cusic.9 We have
confirmed this structure by other methods which will
be reported later.




The ureides were prepared by mixing the reactants
in ether, keeping overnight, and recrystallising the
precipitate from acetone. The melting-points of the
ureides vary with the rate of heating. Those reported
above were obtained by means of a Kofler hot-stage
microscope with samples inserted about twenty
degrees below the melting-point determined in the
usual way.
Received March 23, 1959
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Name of Candidate P.0^1^....Alexanae|»...GrQflMft
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Title of Thesis The SynthesisofPolycycli© Aromatic Hydrocarbons.
A synthetic route to 10-substituted fluoranthenes and
1,8-substituted fluorenones has been developed. The ketonic
Schmidt reaction on 4-ke to-1,2,3,4-1etrahydrofluoranthene and
hydrolysis of the resulting lactam gave 3- (l-amino-9-fluorenyl)-
propionic acid. A Sandmeyer reaction on this amino-acid followed
by cyclisation, reduction and dehydrogenation yielded lG-bromo-
fluoranthene. 10-Chlorofluoranthene was similarly prepared.
Oxidation of 13-brarao-4-keto-1,2,3,4-tetrahydrofluoranthene gave
l-carboxy-8-chloroflucrenone •
Aryl substituted unsaturated acids are often intermediates in the
preparation of polycyclic aromatic hydrocarbons. A number of these
intermediates of uncertain structure has been investigated. The
constitution of p-fluorenylidene-propionic acid has been established
and the chemical end spectral properties of the acid and a number of
related compounds have been investigated. The structure of
3,4-diphenylbut-3-enQie acid (cup. 168tsC) produced by a Eeformatsky
reaction on deoxybenzoin has been confirmed. The reported preparation
of other isomeric 3,4-diphenylbutenoic acids by this reaction and by
the Stobbe condensation of benzaldehyde on diethyl phenylsuccinate
could not be substantiated. The latter reaction gave a compound
whose structure has been established as bensylidenephenylsuccinic
acid. The properties of this dicarboxylic acid and a number of its
derivatives have been investigated. The reported reaction of
di-p-dimethylaminophenylcarbodiimide with ap-unsaturated acids to
give coloured acylureas, while py-unsaturated acids give colourless
adducts has been utilised in these investigations. The acylureas
of the unsaturated acids already mentioned anci a number of other
zhihivaryl substituted unsaturated acids have been prepared as additional7Si i
. , Use other side ifnecessary. Jujevidence of their structures. 'c/
